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Professor Paul Johnson

Vice-Chancellor

The University of   
Western Australia

State of Mind recounts Western 
Australia’s recent history from a 
new perspective. It emphasises 
the rush of foreign investment and 
human capital that arrived here 
as a result of Western Australia’s 
significant role providing Asian 
markets with the minerals and 
energy they craved.

This state-enriching for-
eign investment helped to build 
important infrastructure, both 
visible – trains, skyscrapers,    
theatres and other public works 
– and invisible: the talent and 
intellect that international knowl-
edge workers have imparted to 
locals. This enduring brainpower 
will determine our state’s future 
prosperity. Mining has a low-tech 
reputation: this could not be fur-
ther from the truth. Exploration, 
extraction, production and envi-
ronmental protection are all 
highly sophisticated operations 
which push the boundaries of 
science and engineering.

Western Australia was recently 
successful in winning – with South 
Africa – the bid to host the Square 
Kilometre Array, a series of pow-
erful radio telescopes that promise 
to reveal facts about the origin 
and nature of the Universe. The 
Pawsey Centre’s acutely powerful 
supercomputer has been built to 
support this endeavour. 

Western Australia is 
not merely a world-
class mining province, 
but a thriving centre 
for innovation and 
technology that will 
lead the nation into the 
next century. 

State of Mind recounts 
Western Australia’s 
recent history from 
a new perspective. It 
emphasises the rush 
of foreign investment 
and human capital 
that arrived here as 
a result of Western 
Australia’s significant 
role providing Asian 
markets with the 
minerals and energy 
they craved.

State of Mind tells this new 
Western Australian story. It 
describes the technology and 
ingenuity that underpin this 
massive economic and cultural 
transformation. The report illumi-
nates the advancement of human 
capital that has underwritten the 
minerals and energy expansion. It 
is a compelling call-to-action for 
the state to capitalise on its exist-
ing infrastructure and leadership, 

to leverage its human capital, 
and create the clever, prosperous 
Western Australia of tomorrow.

The state now confronts a new 
era: one in which the world is 
hungry not just for minerals but 
for high technology, the analysis of 
big data and life-changing prod-
ucts. As the home of the Pawsey 
Centre and the Square Kilometre 
Array, with its world-class engi-
neers, research institutes and 
centres for innovation, Western 
Australia is well placed to pursue 
these new frontiers. State of Mind 
reveals how this might be done.

The University of Western 
Australia commissioned State of 
Mind to help Western Australia 
tell its story with a powerful new 
medium. Its ambition is to encour-
age new perspectives on the state’s 
recent achievements and to stim-
ulate policies and choices that 
allow it to capitalise on a rapidly 
changing landscape: to consoli-
date Western Australia’s  status 
as a knowledge economy and a 
regional centre for innovation. 

Forewords
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Western Australia is the world’s 
number one diversified mining 
and energy province. The diver-
sity of minerals present in the 
state is astounding: everything 
from the tungsten that makes 
smartphones vibrate to the tita-
nium that allows satellites to orbit 
the world is mined in Western 
Australia. It is a leading global 
producer of high-grade iron-ore 
and bauxite and forecast to be 
the largest producer of a range 
of other resources. Underwriting 
the state’s natural endowment is 
sustained investment by industry 
and institutions in research and 
development.

Perth is a landscape trans-
formed. State of Mind identifies 
the proud intellectual achieve-
ments of this state – prompted by 
the intense capital-investment and 
expansion phase of the resources 
sector – and the network of 
research centres and innovation 
hubs that produces these achieve-
ments. This redrawn landscape 
depicts a collection of new land-
marks: sites of thinking power. 
Here, a new density of research 
activity, engineering talent and 
leadership in breakthrough tech-
nology resides.

State of Mind also highlights 
the importance of technical lead-
ership and how, once established, 
it can drive economic trans-
formation in other areas. One 
indicator of a modern economy’s 
potential to thrive is its propor-
tion of engineers. Silicon Valley, 
unsurprisingly, leads the world 
in engineer density, at forty-five 
engineers per one thousand 
employed people. Less well know 
is that Perth ranks highly in a 
global comparison on this axis 
– equal fourth with energy city 
Houston. 

Add to this the Pawsey Centre’s 
capacity to store and process 
huge amounts of data, plus 
achievements in advanced min-
ing-related technology – robotics, 
automation, geoscience, and 
three-dimensional and four-di-
mensional mapping – and Perth 
and Western Australia become a 
major global force in technology 
and engineering.

As a region defined by its 
achievements in high technology, 
Western Australia must focus 
on collaboration and collective 
research endeavours: it is only 
when the components of a net-
work are connected that it can 
reach its cumulative power and 
big problems are solved.

It is only when the 
components of a network 
are connected that it 
can reach its cumulative 
power and big problems 
are solved.

Alliances between universities, 
government and business are an 
opportunity to pursue this criti-
cal mass: they have much to gain 
from working together.

The Energy and Minerals 
Institute – a gateway to the talent 
and expertise at The University 
of Western Australia – commis-
sioned State of Mind to encourage 
this cooperation. The Institute’s 
defining ambition is to build a 
strong, sophisticated network of 
innovators. I commend this stel-
lar account of Western Australia’s 
unfolding story and look forward 
to the cooperation of industry and 
researchers that such a spectacu-
lar opportunity entails. 

Mark Stickells

Director

Energy and Minerals Institute, 
The University of   
Western Australia

Western Australia is 
the world's number one 
diversified mining and 
energy province. The 
diversity of minerals 
present in the state is 
astounding: everything 
from the tungsten that 
makes smartphones 
vibrate to the titanium 
that allows satellites 
to orbit the world is 
mined in Western 
Australia.
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A state 
trans-
formed
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State of Mind was created to pro-
vide a three-dimensional view of 
the Western Australian minerals 
and energy story. As with any-
thing in life, one must approach 
a phenomenon from multiple 
perspectives to obtain an accu-
rate picture.

Scale, for instance, can only ever 
be understood when it is placed 
in a frame of reference. That’s 
why State of Mind appraises 
Western Australia’s performance 
next to its international peers. 

Diversity of endowment, 
similarly, can only be measured 
against other mining and energy 
peers. State of Mind tests the 
premise that Western Australia 
is the world’s number one 
diversified mining and resource 
province. This contention stands 
up to scrutiny. No other mining 
region produces any commodity 
like Western Australia produces 
iron ore. Its diverse endowment, 
knowledge workers and indus-
tries, global reach and soft power 
distinguish it among resources 
provinces.

State of Mind illuminates 
the changing face of Western 
Australia’s workforce. The state 
will never be the same again. 
Mining and energy production 
have become technology-rich 
activities. The state has absorbed 
large amounts of brainpower and 
clever human capital – all the new 
engineers, technicians, research-
ers and executives from around 
the world. A wave of engineering 
talent has made Perth its home. 
The state’s success as a knowl-
edge economy pivots on this 
talent. 

Every dollar of income, 
every tonne of ore, represents a 

complex web of technical prob-
lems that have been solved. 
Western Australia’s world-class 
research institutes have come 
of age, improving their capacity 
to collaborate with businesses 
and each other. The potential 
of the Square Kilometre Array 
and Pawsey Centre – and the 
data-analytics and storage 
capability that they possess 
– means that Western Australia 
has the conditions from which 
new industries can emerge. 
This is a once-in-a generation 
opportunity. 

We stand on the shoulders of 
a technical achievement that we 
have not properly understood or 
appreciated. Yet it is this capacity 
that – along with a new state of 
mind – offers Western Australia 
far-reaching opportunities. 

Economic revolutions change 
the way that people think about 
knowledge. When technology 
changes rapidly, people look 
at the world differently. The 
twenty-first century – already 
in the throes of an economic 
revolution – will be defined by 
businesses, governments and 
institutions subjecting them-
selves, their sectors, procedures 
and technologies to deep scru-
tiny. This trend – to seek radical 
improvement – will generate 
breakthroughs. Those who fail 
to participate will be left behind. 

State of Mind proposes a 
new way for Western Australia 
to think about itself. A new 
landscape of opportunity and 
technology has emerged and, 
to make the most of it, we 
must  become a knowledge-rich 
society. The raw material is 
knowledge; our prosperity 
depends on what we do with it.

Elena Douglas

Founder and CEO 

Knowledge Society

State of Mind was 
created to provide 
a three-dimensional 
view of the Western 
Australian minerals 
and energy story. As 
with anything in life, 
one must approach 
a phenomenon from 
multiple perspectives 
to obtain an accurate 
picture.

Introduction
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The 
house that
Western 
Australia 
built





Deposit on 
tomorrow
Western Australia’s diverse 
endowment sets it apart

The number one mining province
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Western Australia is the world’s 
most successful mixed mining and 
energy province. The diversity of 
its endowment underwrites a dex-
trous resources sector that – due 
to its flexibility, scope and prob-
lem-solving expertise – attracts 
permanent investment from 
the world’s largest minerals and 
energy producers, many of whom 
have their regional headquarters 
in Perth.

We all know about the moun-
tains of iron ore that become 
China’s rivers of steel – but how 
else is our roving endowment 
used? Western Australia produces 
two-thirds of Australia’s minerals 
– over forty kinds – and they are 
present in homes, factories, robots 
and aeroplanes around the world. 

Deposits of rare minerals, 
including graphite and rare earths 
such as yttrium and thorium, are 
either present in Western Australia 
or being produced. These fas-
cinating minerals are essential 
to the technology of the future, 
such as the supercapacitors that 

will power unconventional, fast-
charging electric cars and the 
lithium-ion batteries in smart 
devices. Graphene – one hun-
dred times stronger than steel 
– will be used to create flexible, 
malleable electronics screens. The 
substances of the future are here.

Six of the top seven 
international energy 
companies base their 
regional head offices in 
Perth.

The diversity of Western 
Australia’s resources sector 
means that firms must respond 
to a wide range of challenges. 
Technical capacity and inven-
tiveness is tested in different 
environments and terrains, all the 
while extending people’s profes-
sional range. Agility is a given. 

Small mining companies – the 
entrepreneurial junior miners 
– use their skills and experience 
abroad, where Western Australian 
companies pursue exploration 
and production ventures on six 
continents. 

Western Australia is the 
second best jurisdiction 
in the world for 
geological attractiveness 
according to the Fraser 
Institute.

Western Australia is perfectly 
located to supply the world with 
the wide range of minerals that 
it desires, including the Asian 
countries that manufacture 
automobiles and modern elec-
tronics. The countries promising 
the greatest economic growth 
of the twenty-first century – in 
the Indo-Pacific and Africa – are 
either in its region or time zone, 
or both. Exports and talent can 
reach these markets faster than 
that of any other Australian state. 

Australia is set 
to surpass Qatar 
to become the 

world’s biggest LNG 
exporter by 2018. 

Western Australia produces 
two-thirds of Australia’s 

minerals – over forty kinds.
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Heavy lifting
Australian gross state products 
versus the value of the Western 
Australian resources industry

The number one mining province
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Punching above 
our weight
The first decades of this cen-
tury have been a golden age for 
Western Australia. By the time 
the rest of the world woke up to 
the rise of Asia, Western Australia 
was a leading global supplier of 
the region’s minerals and energy. 
The state is now fifty years into 
the Asian century, which started 
in the 1960s when Australia pro-
vided iron ore to a fast-growing 
postwar Japan. 

Now, the state is the leading 
supplier of minerals and energy 
to the next countries to undergo 
rapid urbanisation – China, India 
and South-East Asia. Whole cities 
in China were built with resources 
extracted from the state’s rich 
endowment. Western Australia 
accounted for forty-seven per cent 
of global iron-ore exports in 2013. 

In the same year, Western 
Australia contributed seven-
ty-one per cent of all Australian 
exports to China, fifty per cent 
of all exports to Korea and for-
ty-nine per cent of exports to 
Japan. China is the main destina-
tion for the state’s largest export. 
Seventy-six per cent of the state’s 
iron-ore ends up there, along 
with sixty-four per cent of the 
state’s gold and twenty-two per 
cent of its energy exports. 

This created remarkable pros-
perity for the state as volumes of 
production and prices soared. 
Western Australia’s gross state 
product per capita become among 
the highest in world at $98,069 – 
fifty-three per cent higher than the 
national average ($67,932). 

While prices have suffered 
major reversals in recent years, 
production volumes continue 
to expand to record levels, 

especially of natural gas, pro-
duction of which will double 
over the next three years as the 
Pilbara Gorgon and Wheatstone 
projects are completed.

From challenge 
to breakthrough
Over this critical period, busi-
nesses, government and 
universities invested in the infra-
structure required to expand 
Western Australia’s capacity to 
extract natural resources.

Western Australia has wel-
comed many professionals and 
technicians from interstate and 
overseas. Innovative technology 
companies – such as General 
Electric, IBM and Cisco – have 
made their home in the state, her-
alding its new chapter.

16



Growing the pie
Australian industry gross value 
added, 2014

The number one mining province
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Big business 
Market capitalisation 
of multinationals versus 
the value of the Western 
Australian resources industry
($US), May 2014

A beautiful set 
of numbers

$114.1 B
The value of Western 

Australia’s resources sector 
reached an estimated 

$114.1 billion in 2014. This is 
about sixty per cent of the 

value of the national sector.

17%
Between 2013–2014 the 

state’s gross state product 
($265 billion) comprised 17 
per cent of Australia’s gross 

domestic product.

Google  $382 billion

General Electric $260 billion

Toyota $194 billion

Citigroup $145 billion

Facebook $97 billion

 

Value of Western Australian   
resources sector ($US),   
2013–14 $107 billion

 
All figures are in US 2014 dollars. 

56%
In 2013–14 Western 

Australia’s gross state 
product per capita ($103,770) 

was 53 per cent higher 
than the national average 

($67,932). 

51%
In 2013–14 Western Australia 

contributed 51 per cent of 
Australia’s merchandise 
exports, more than New 

South Wales, Victoria and 
Queensland combined 

(40 per cent).

18



Western 
Australia’s 
diverse 
endowment

Quantities of Western 
Australian resources 
produced in 2013

The number one mining province
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improvement is the only way this 
industry functions.   

When prices are high, compe-
tition and speed incentivise the 
development of new technical 
solutions. When prices are low, 
the imperatives are cost-reduc-
tion and efficiency gains. In a 
slowing commodities market, the 
rewards for technical solutions are 
amplified. 

In the next decade, minerals 
and energy exploration, discovery 
and extraction will experience a 
dramatic transformation as the 
industry solves more problems: 
operations will be mainly auto-
mated, previously unreachable 
resources will be accessible, and 
robots will be par for the course.

Technological advancement usu-
ally starts with a problem. Western 
Australian mining has faced a few 
of these: harsh and hot environ-
ments, distance, skills shortages, 
protecting the environment, 
increasing the purity of a product. 
Take Rio Tinto and BHP’s massive 
remote operations projects, for 
example, conceived at a time when 
personnel were hard to come by.

Mining is often wrongly 
assumed to be a simple – or even 
crude – task. In fact, extracting 
and producing minerals on a 
massive, profitable scale requires 
cutting-edge technological solu-
tions and continual innovation. 
Mining companies scrutinise 
their business and production 
processes every day – continuous 

No truckin' 
worries
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Resourcing 
the world
Value of Western Australian 
commodity exports, 
2013–14

The number one mining province
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Western 
Australia’s
global 
footprint
Exporting 
expertise
There are two dimensions to 
Western Australia’s global mining 
story: the remarkable growth of 
the sector’s international foot-
print of discovery and production 
and Australia’s healthy regula-
tory regime for resources. Now, 
Western Australia exports the 
world-class talent and experience 
it has developed in the context of 
the state’s stable institutions, good 
governance, robust infrastructure 
and sectoral competitiveness. 
These have all been required to 
make Perth a global capital for 
exploration fundraising and inter-
national development.

World-wide 
wealth
Since Western Australia’s first 
gold rush, the state has exported 
and sold its resources to the world. 
Now, Western Australian entrepre-
neurs, engineers and technicians 
export their knowledge and skills 
to places like Mozambique, Peru, 
Mongolia and the Philippines, 
taking the expertise that defines 
Western Australia’s own success 
– in advanced exploration, capital 
raising, governance and royalties 
regimes, and extraction technol-
ogy – and applying it around the 
world, sharing their experience 
and transferring knowledge and 
techniques to local professionals 
and workers in myriad countries. 
This is Western Australia’s new 
global footprint.  

The Australian mining 
equipment, technology 
and services (METS) 
sector exported $27 
billion worth of supplies, 
information technology, 
contract mining and 
professional services 
like consulting and 
engineering in 2013.

It is little known that, in recent 
years, Australian mining compa-
nies have discovered four times 
more wealth overseas than they 
have at home. This is striking 
evidence of Western Australia’s 
new economic diplomacy – first, 

Western Australians conduct 
exploration and discover miner-
als in another country, then, they 
build up its resources sector by 
transferring knowledge and skills 
to local workers. Australians are 
adept at managing risk, envi-
ronmentally savvy, familiar with 
harsh frontiers and adapt easily 
to new environments, bringing 
their smarts with them. For devel-
oping nations, experience with 
Australian regulatory regimes, 
cutting-edge operations, safety 
standards and community devel-
opment creates a path to lasting 
wealth and prosperity.

Australians thrive abroad. 
Leaving home to travel the world 
is a right of passage. Its people 
have a positive reputation abroad 
and they adapt to new cultures 
easily. Many nations also prefer 
Australians as international part-
ners: its transparent and successful 
regulatory and business models 
are robust and, in many cases, pre-
ferred to that of its competitors, 
such as China. Australian miners 
have developed surprising cul-
tural sensitivity and competency.

A state without borders
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Australian Stock 
Exchange–listed 
companies have 

revealed deposits 
worth more than 

$1.5 trillion in 
the developing 

world – a potential 
economic and 

social boon for low-
income countries. 

ASX-listed companies 
are active in 38 African, 
47 South-East Asian and 

Pacific and 16 Central and 
South American countries.

© Image copyright Rio Tinto, 2010 24



Economic diplomacy:
Mining and exploration 
abroad
Western Australia–listed 
ASX companies active 
overseas

A state without borders
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Key

Western Australia–listed 
ASX companies active 
overseas 
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According to the 
Fraser Institute, 

Western Australia 
is perceived as 
the sixth (90.3) 
most attractive 
jurisdiction for 
mining policy, 

reflecting stable 
environmental 

regulations, 
little regulatory 

duplication, a fair 
and timely legal 
system, sensible 
taxation regime, 

and few trade 
barriers. 

Western Australia out-
performs Nevada (87.7), 
South Australia (82.9), 
New Zealand (81) and 

California (51.2). 

The capital-
raising capital
Perth has become a capital-rais-
ing nerve centre for the world’s 
resources sector. In recent years, 
West Perth’s mining cluster and 
St George’s Terrace – the city’s 
financial district – have hummed 
with the establishment of new 
companies and exploration-fo-
cused initial public offerings. 
Western Australia’s diverse natural 
endowment and Australia’s stable, 
low-sovereign-risk, high-calibre 
regulatory regime have meant 
the emergence of a thriving capi-
tal-raising ecosystem.

Australia’s stable, transparent 
and efficient policy environment 
underpins the decision of so many 
companies to raise capital here. 
After listing his telecommunica-
tions company on the Australian 
Stock Exchange in 2013, one 
Chinese entrepreneur, Xiong 
Yang, said, ‘We didn’t come here 
to ask for more money. We want 
to improve our corporate gov-
ernance and provide a fair and 
transparent structure to our exist-
ing shareholders.’ The Federal 
Government’s agreement with 
its state counterparts to eliminate 
the bureaucratic duplication of 
environmental assessments and 
approvals for mining projects has 
further improved the profile of 
Australia as a regulatory and list-
ing destination.

At about $500,000, 
it is cheaper to list a 
company in Australia 
than on the Shanghai 
exchange, where a 
listing can cost in the 
vicinity $5 million.

Australia’s long history of serial 
entrepreneurship means it has a 
concentration of executives who 
can appraise geology and man-
agement talent judiciously. This 
network of directors and their 
governance expertise is integral 
to Western Australia’s resources 
ecosystem: they have both the sci-
entific knowledge and the market 
knowledge – in areas ranging from 
geology, global demand, assess-
ment of management talent, legal 
and regulatory affairs – to raise 
capital effectively on a global scale.

Second, companies have voted 
with their feet: Western Australia 
was the preferred location for com-
pany headquarters in 2013 with 
763 Australian Stock Exchange–
listed companies – forty per cent 
of all listings – compared to New 
South Wales’ 557 and Victoria’s 
335. Seventy-eight per cent of 

companies listed in Western 
Australia have chief executive 
officers in the resources sector. 
Listing a company in Perth is 
dramatically cheaper than list-
ing it in other financial capitals. 
Taken together, this data reflects 
the emergence of a world-class 
mining cluster.

Research demonstrates that 
the specialised capital-raising 
experience in Western Australia 
has created unique benefits 
for the state in fields such as 
accounting, stockbroking and 
law. Professor Ray da Silva Rosa 
of The University of Western 
Australia notes that ‘a Perth-based 
resources lawyer can deliver a legal 
service that is higher quality and 
more likely takes fewer hours to 
deliver than their Eastern-states-
based counterparts’. Perth’s 
mining and capital-raising cluster 
means that its complementary 
disciplines, located together, are 
more competitive. 

A successful market also relies 
on the deep domain knowledge 
of its entrepreneurs. Western 

A state without borders
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= 20 x ASX-listed 
companies

= % of CEOs in resources 
sector

= % of Australian 
ASX-listed companies

Capital ideas
ASX-listed companies by state of registration, 2013
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New 
knowledge 
industries

Is Perth the 
home of 
tomorrow’s 
technology?

 
If  Western Australia is to real-
ise the full benefits of the past 
decade – the recent sustained 
investment in human capital, 
technical leadership and research 
and development – it needs to 
do more. The state’s leaders in 
government and business – its 
policymakers, executives and 
researchers – must cultivate an 
ecosystem that encourages col-
laboration between sectors. This 
sophisticated network, while 
meeting the research-and-de-
velopment needs of existing 
companies, should be the fertile 
ground on which new companies 
are established. The long-term 
vitality of the state will be partly 
determined by its ability to create 
and commercialise new technol-
ogy, products and services. It will 
be determined by the imagineers 
who solve problems and then get 
the solutions to the global market.

Western Australia is 
the world’s number 

one diversified 
minerals and energy 

province. 

Can it expand its economic 
base to become a regional 
centre for innovation and 
technology – the home 

of tomorrow’s knowledge 
industries?

Economists would say that 
Western Australia has a com-
parative advantage. Nations and 
cities around the world are real-
ising that to stay relevant and 
maintain a good quality of life for 
their citizens, they must embrace 
change, attract knowledge work-
ers, succeed in digital markets and 
diversify their economies. Witness 
Tallinn, Estonia – the country that 
declared internet access a human 
right in 2000 – which has become 
one of the world’s most important 
tech and venture-capital hubs and 
whose start-up-friendly policies 
make it attractive to the world’s 
brightest minds. Or Spain, which 
has created a special class of 
visa for experienced and invest-
ment-ready entrepreneurs willing 
to relocate. In the global compe-
tition for talent and investment, 
Western Australia’s advanced 
energy and minerals sector lends 
it an advantage that other prov-
inces don’t have – but we must 
build on this advantage. 

In 2011 Western Australia had 
1475 foreign-born engineers 
for every 1000 Australian-
born ones.

Sixty per cent of global 
mining software is 
produced in Perth.

Landscape of innovation
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Investing in the future

Western Australian mining investment 
in R & D versus other Western Australian 
industries, 2011–12

Mining  $2.43 billion

Manufacturing $348 million

Professional,  $295 million  

scientific and technical services 

Construction $207 million

Financial and insurance services $69 million

Agriculture, forestry and fishing $65 million

Western Australian mining investment 
in R & D versus the highest-spending 
industries in other states, 2011–12

Western Australia   

Mining $2.43 billion

New South Wales  
Financial and insurance services $2.26 billion

Victoria  
Manufacturing $1.66 billion

Queensland  
Mining $892 million

South Australia  
Construction $343 million
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More than seven multination-
als locate a headquarters in Perth. 
This level of foreign investment – 
significant in itself – also includes 
more intangible benefits, such 
as the knowledge spillover that 
occurs from thousands of foreign 
professionals to local staff. Perth 
is in an enviable position. 

 After the turn of the century, at 
a time when the world’s economic 
landscape was undergoing trans-
formation – as Asia urbanised 
and digital technologies gained 

The pivot
Western Australia must understand 
and embrace the technological 
leadership that underpins its explo-
ration and production capabilities. 
The state – to reap the advantages 
of its underlying strengths – must 
pivot from its dominance in min-
erals and energy production. 

 
Western Australia’s ultimate 

challenge is its lack of financial 
backers and venture capitalists 
willing to fund start-up businesses 

pace – huge numbers of engineers 
and scientists, along with world-
class leaders, arrived in Western 
Australia from overseas. The ben-
efits that occurred – such as talent 
spillover and the creation of brand 
new industries in the state – are 
the result of Western Australia’s 
predominance in minerals and 
energy. Mining software is a 
strong example: a staggering sixty 
per cent of global mining software 
is produced in Perth. This is the 
raw material that could produce 
the state’s next prosperous age.
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or transform lab research into 
commercial realities. To date, this 
kind of alchemy – the final spark 
in the process of innovation – has 
escaped the state. Its entrepre-
neurial faculties have developed 
principally around mining explo-
ration and extraction. It must, 
however, develop technical 
competence beyond minerals 
and energy. To turn its prowess 
in resources extraction into the 
products and services of tomor-
row, Western Australia needs a 
new breed of entrepreneurs with 
domain knowledge in other sec-
tors and markets.

Western Australia’s 
ultimate challenge is its 
lack of financial backers, 
venture capitalists 
and experienced 
entrepreneurs.

knowledge. A 2015 report from 
Australia’s Chief Scientist notes 
that the direct contribution of 
the advanced physical and math-
ematical sciences in Australia 
is already equal to eleven per 
cent of the Australian economy 
(about $145 billion per year). A 
further estimated eleven per cent 
in flow-on benefits brings this 
number to twenty-two per cent of 
the Australian economy – a result 
that is likely to be conservative.

Advanced mathematics 
and sciences contribute 
twenty-two per cent of 
the value of Australia’s 
economy.

Western Australia, then, like 
every region, needs to make a pro-
found and enduring commitment 
to science. Future economic gains 
from Western Australia’s existing 

Western Australia must create 
the hospitable environment in 
which promising new businesses 
can flourish. Take an international 
example: the well known story of 
3M, a company that has sustained 
innovation for over a century, and 
which started as the Minnesota 
Mining and Manufacturing 
Company. Or Nokia, which started 

as a wood-pulp mill, evolved into 
a telecommunications company 
and finally developed the rev-
olutionary wireless technology 
that connected billions of people 
through networks and mobile 
phones.

The world’s economic foun-
dations are transforming. From 
an industrial base, advanced 
nations are pivoting to economies 
premised on science, data and 

Rio Tinto’s Remote Operations Centre at Perth 
Airport © Image copyright Rio Tinto, 2010.

Landscape of innovation
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infrastructure and technological 
capacity will depend upon its 
ability to translate scientific and 
technical development into new 
products, services and whole 
industries. The next wave of digi-
tal technology – cloud computing, 
data analytics and machine-to-
machine technologies like the 
internet of things – are on the 
threshold of changing our daily 
lives and the way we do business 
radically. Industry, research insti-
tutions and government must 
make the necessary investments 
and practical changes to ensure 
that Western Australia’s balance of 
funds and collaboration is right. 
Failing to do so will see the state 
miss out on the benefits of this 
unfolding economy.

A recent Google-
commissioned 

report by Deloitte 
Access Economics 
estimated that the 
Australian digital 
economy is worth 
$79 billion (5.1% of 
GDP) and could be 

worth $139 billion as 
soon as 2020 (7.3% 

of GDP).

 It is important to be brutally 
realistic about Western Australia’s 
place in the world in the context 
of these new technologies. The 
state should not work in areas to 
which its expertise are unsuited, 

or in which there is no prospect of 
a comparative advantage emerg-
ing. An absence of deep domain 
knowledge means that many global 
research teams are often working 
on superceded or redundant proj-
ects. Western Australia’s research 
teams cannot afford to be among 
them. It must build on its demon-
strated strength and defining talents 
in areas where it has genuinely 
advanced, sustainable development 
taking place. This is a difficult task.

State of Mind examines the 
areas of breakthrough technology 
that McKinsey Global Institute 
identifies in its report Disruptive 
technologies: Advances that will 
transform life, business, and the 
global economy. The report names 
twelve transformational technol-
ogies that will have the greatest 
economic impact – and potential 
value – in coming decades. 

Using this framework, we have 
evaluated the technological devel-
opments underway and above the 
radar in Western Australia (this 
exercise is not exhaustive, only 
indicative and illuminating). The 
aim is to reveal the areas in which 
Western Australia is either pur-
suing breakthrough technologies 
of global interest and potential 
impact and where its research 
approaches the best in the world. 
Such analysis needs to be aug-
mented continually, this is but a 
snapshot at a point in time.

If the digital economy 
were an industry it would 
be larger than Australia’s 
agriculture, transport or 
retail sectors.

 

32



A state of 
disruption

McKinsey Global Institute 
has identified the twelve 
technologies that will matter 
between now and 2025. 
Western Australia is engaged 
in groundbreaking research 
and innovation at the 
forefront of eight of these 
disruptive technologies. 
Although this is not a 
complete list of all the high-
technology activity taking 
place in the state, it outlines 
how Western Australia might 
fit into McKinsey’s vision of 
the future.

Landscape of innovation
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What is it? Foundations Western Australian example ImpactTechnology

Intelligent software 
systems that can 
perform knowledge 
work tasks involving 
unstructured 
commands and 
subtle judgments

100
Rate by which 
computing power 
has increased 
between IBM’s 
Deep Blue (chess 
champion in 
1997) and Watson 
(Jeopardy winner 
in 2011) 

One quadrillion
The number 
of calculations 
that one of the 
Pawsey Centre’s 
supercomputers 
can perform per 
second

iVEC–Pawsey Centre Supercomputers 
Big-data processing, storage and analysis

General Electric
Predix 
Advanced analytics for the industrial 
internet (the integration of complex 
machinery and sensors)

Rio Tinto
Mine of the Future 
Intelligent operational analytics

BHP
Integrated Remote Operations Centre 
(IROC)
Intelligent operational analytics

Datagami
Machine-learning algorithms for data 
analysis and prediction 

Curtin Intelligent Robots Group
Robots that can perform complex tasks 
beyond the abilities of a human to program, 
convey information about the world, explain 
their actions and justify their decisions

UWA
Integrated Sensory Intelligent Systems Lab
Adaptive self-learning systems and 
intelligent signal–processing research

iCetana
Intelligent video surveillance software that 
learns normal activity and alerts operators 
to abnormal events

Skrydata 
Sophisticated data-analysis technology that 
monitors and analyses mining processes

Curtin–UWA enhanced surveillance 
technology
Eureka award–winning algorithms that 
increase a surveillance system’s capacity 
to monitor multiple objects or targets of 
interest

Edith Cowan University 
Artificial Intelligence and Optimisation 
Research Group
Artificial-intelligence research in areas such 
as health, data mining, software engineering 
and biometrics

500
People trained 
to use the 
Pawsey Centre’s 
supercomputers

75 per cent
Increase in fleet 
availability for a 
large global mining 
company using GE 
Predictivity

1000
Cumulative years 
of experience that 
Rio Tinto’s staff 
have operating 
autonomous 
machinery

99 per cent
The proportion 
of footage that a 
security operator 
doesn’t have to 
view after iCetana’s 
intelligent software 
filters it out

Automation of 
knowledge work
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What is it? Foundations Western Australian example ImpactTechnology

Murdoch University
Intelligent Systems Research Group 
Data mining, intelligent data analysis and 
robotics

Cisco Internet of Everything Innovation 
Centre at Curtin University
Resources-, agriculture- and astronomy-
focused cloud, analytics, cyber security and 
internet-of-things research

Rio Tinto
Mine of the Future 
Autonomous haulage fleet and operations 
centre

Square Kilometre Array (SKA)
Internet-enabled, next-generation radio 
telescope

iVEC–Pawsey Supercomputing Centre 
supercomputers
Analysis of sensor-network data. Analysis of 
SKA data in real time

BHP
Integrated Remote Operations Centre 
(IROC)
Autonomous fleet and Production Visibility 
Tool

General Electric Predix
Networked machines embedded with 
sensors for the industrial internet (the 
integration of complex machinery and 
sensors)

Roy Hill Locotrol
Advanced General Electric locomotives that 
will eventually form part of a completely 
automated haulage operation from pit to 
port

Woodside–Curtin LNG Smart Tags 
Automated system that improves efficiency 
at all stages of an LNG project. Integrates 
building information modelling, augmented 
reality and radio-frequency identification 
technology

Global Tracking Solutions
Radio Frequency Identification Device 
(RFID) technology that enables the safe 
storage and tracking of explosives in mining 
systems

US$19 trillion
Estimated economic 
value the internet of 
things could deliver 
worldwide in the 
next decade

192
Sensors in a Rio 
Tinto autonomous 
haulage truck

10,000
Rate by which the 
SKA is faster than 
current advanced 
telescopes

50
Rate by which 
the SKA is more 
sensitive than 
current advanced 
telescopes

600
New jobs at GE in 
Western Australia

US$11 million
Revenue gained by 
preventing two gas 
turbine outages 
with GE Predictivity

1000+ kilometres
The distance of 
BHP’s staff in its 
Perth operations 
centre from the 
autonomous 
machines they 
conduct

300 per cent
Increase in 
connected 
machine-to-
machine devices 
over the past five 
years 

80–90 per cent
Price decline in 
MEMS 
(microelectrome-
chanical systems) 
sensors in the past 
five years

US$15 million
Investment 
committed to the 
Perth Cisco Internet 
of Everything 
Centre

$7.2 billion
Invested in Rio 
Tinto’s Mine of the 
Future

$2.4 billion
Investment 
committed to the 
Square Kilometre 
Array

$80 million 
Investment 
committed to 
developing the 
CSIRO’s Pawsey 
Centre 

$80 million
Investment 
committed to the 
GE Oil and Gas 
Training Centre in 
Perth

Internet of things

Networks of 
low-cost sensors 
and actuators for 
data collection, 
monitoring, 
decision making 
and process 
optimisation

Landscape of innovation

35



What is it? Foundations Western Australian example ImpactTechnology

Increasingly 
capable robots with 
enhanced senses, 
dexterity, and 
intelligence used to 
automate tasks or 
augment humans

Panorama Synergy–UWA patents
MEMS sensor technology that enables the 
measurement of previously undetectable 
things like explosives or cancer

Micromine Pitram
Records data related to equipment, 
personnel and materials at mine sites

Rio Tinto
Mine of the Future 
Autonomous haulage fleet

Rio Tinto–MAR 
Robotic Idler Replacement capable of 
replacing idlers on loaded, operational 
conveyors

Woodside Technology and Innovation Hub
The Perth Pluto Support Centre is testing 
remote operations for a future FLNG facility

BHP
Integrated Remote Operations Centre 
(IROC)
Autonomous fleet 

UWA
Robotics and Automation Lab
Intelligent mobile robots

UWA–CSIRO Australian Centre for 
Geomechanics  
Robotic survey systems for pit-slope 
monitoring

International Centre for Radio Astronomy 
Research (ICRAR)
Preconstruction for the SKA, including 
radio telescopes that can be manoeuvred 
electronically

Fortescue Metals Group
Robotic maintenance and repair facility for 
haulage cars

Rio Tinto
Mine of the Future 
Autonomous fleet

BHP
Integrated Remote Operations Centre 
(IROC)
Autonomous fleet 

30 per cent
Potential 
productivity 
increase for 
liquefied natural 
gas–construction 
projects with 
Woodside’s LNG 
Smart Tags

Five 
Equivalent trips to 
the moon and back 
that Rio Tinto’s 
autonomous fleets 
have travelled

340 
People employed at 
BHP’s IROC

500,000 
Approximate 
additional tonnes 
of iron ore mined 
per year at BHP’s 
Pilbara site

$10 billion
Invested in the Roy 
Hill iron ore project

170 per cent
Growth in sales of 
industrial robots 
from 2009–11

Advanced robotics
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What is it? Foundations Western Australian example ImpactTechnology

Autonomous and 
near autonomous 
vehicles

Energy storage

Advanced 
materials

Vehicles that 
can navigate and 
operate with 
reduced or no 
human intervention

Devices or systems 
that store energy 
for later use, 
including batteries

Materials designed 
to have superior 
characteristics (e.g. 
strength, weight, 
conductivity) or 
functionality

300,000+
Miles driven 
by Google’s 
autonomous cars 
with only one 
accident (caused by 
human error)

1600
Kilometres of rail 
network connected 
to Rio Tinto’s 
AutoHaul railway 
system

$7.2 billion
invested in Rio 
Tinto’s Mine of the 
Future

40 per cent 
Price decline for a 
lithium-ion battery 
in an electric 
vehicle since 2009

$1000 versus $50
Difference in price 
of one gram of 
nanotubes over 10 
years

100
Rate at which 
graphene is 
stronger than steel

Curtin University– Daimler–Ulm University 
research alliance
Research into an onboard system that 
integrates cameras, sensors, radars and 
lasers that could make driverless-car 
technology mainstream

Fortescue Metals Group
Autonomous Caterpillar trucks

Remote Control Technologies 
Teleremote and remote-control systems for 
mining

Liquid Robotics–Chevron Wave Gliders 
The first wave-powered autonomous vehicle 
of its kind, which monitors real-time water 
data for the Wheatstone Project
   

Murdoch University sodium-ion battery
A salt-based battery that could be a solution 
to storing renewable energy

UWA Renewable Energy Vehicle (REV) 
Project
Australia's first commercial fast-charging 
station for electric cars that could make car-
charging networks profitable

Sandfire Resources
Planned solar array and battery storage 
system at the Degrussa Copper Mine

Curtin Hydrogen Storage Research Group 
Developing viable solar-hydrogen storage 
technology

Curtin University and the Central Institute 
of Technology
Testing to identify advanced materials that 
have greater wear properties and could be 
used in machinery

Chevron 
Corrosion-resistant LNG pipelines

3.9 million
Kilometres driven 
by Rio Tinto’s fleet 
of autonomous 
trucks

14 per cent
Boost to Rio 
Tinto’s operational 
efficiency

$100 million
Amount saved per 
year as a direct 
result of Rio’s 
AutoHaul system

145
Experts recruited 
to Chevron’s Global 
Technology Centre

20 minutes
Time taken to 
charge an electric 
vehicle to 80 per 
cent at UWA’s REV 
charging station

$100,000
The amount that 
could be saved 
each time a crusher 
on a mine site is 
prevented  from 
shutting down due 
to wear

Landscape of innovation
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What is it? Foundations Western Australian example ImpactTechnology

UWA Advanced Materials Team 
Development of a super-strong ceramic that 
resists wear under high temperatures and 
could prolong the life of expensive mining 
equipment

Curtin University 
Research into the complex formation of 
carbonate minerals, which could lead to 
the creation of new materials with unique 
properties

Kibaran and 3D Group
Research into commercial uses for graphite 
and graphene (a super-strong, one-atom-
thick nano-material)

UWA School of Chemistry and 
Biochemistry–ECU Materials Research 
Group
Research into the commercial applications 
of graphene

Shell Prelude Floating LNG 
The world’s first floating LNG facility

Chevron Gorgon Scarp Crossing
Unprecedented engineering project that 
entailed laying deep gas pipelines on the 
continental shelf escarpment 

WA:ERA–Curtin–UWA–CSIRO 
Unconventional Gas Research Group
Modelling and mapping Western Australia 
to identify unconventional gas and its 
extraction potential

UWA Centre for Offshore Foundation 
Systems (COFS)
New deep-water engineering technology 
that enables offshore oil and gas exploration 
in increasingly deep waters

Geosoft
Advanced software for mapping and 
modelling the Earth’s subsurface

UWA Centre for Exploration Targeting
4D reconstruction of a gold deposit in the 
Pilbara to inform future mining exploration 

Advanced oil and 
gas exploration and 
recovery

Exploration and 
recovery techniques 
that make the 
extraction of 
unconventional oil 
and gas economical

US$12.6 billion
Invested in Shell’s 
Prelude FLNG 
facility

$45 million 
Invested in 
Woodside’s 
Strategic 
Technology Plan

US$9 million
Global market for 
graphene

1000 
Workers to be 
recruited for Shell’s 
Prelude FLNG 
workforce

$12 billion 
Potential tax 
revenue from Shell’s 
Prelude facility

6000
Potential jobs 
created by 
Chevron’s Gorgon 
project

3000
International 
subject area experts 
connected to Perth 
through Chevron’s 
Energy Technology 
Company network

45 per cent
Proportion of global 
recoverable gas that 
is ‘unconventional’
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What is it? Foundations Western Australian example ImpactTechnology

Renewable energy

Generation of 
electricity from 
renewable sources 
with less impact on 
the climate

85 per cent
Price reduction for 
a solar photovoltaic 
cell per watt since 
2000

19
Rate by which solar 
photovoltaic and 
wind-generation 
capacity has grown 
since 2000

$80 million
Raised by Carnegie 
Wave Energy 
to develop its 
technology

50+
Researchers 
currently operating 
out of Curtin’s FETI

$5 million
The value of the 
CSIRO’s SynCat 
facility

Curtin University True Triaxial Stress Cell
Technology that simulates volatile 
geological environments and could improve 
access to oil and gas deep beneath the 
Earth’s surface

UWA Fluid Science and Resources Division
Methods to minimise the risk of solid 
particles or deposits forming in deep-water 
gas pipelines

Carnegie Wave Energy CETO
Technology that generates zero-emissions 
energy from ocean swell 

Bombora Wave Power Wave Energy 
Converter (WEC) 
Technology that could extract commercial 
quantities of power from the ocean

UWA Centre for Offshore Foundation 
Systems (COFS)
Wave and tidal energy research in north-
west Scotland, which could one day be the 
‘Saudi Arabia’ of tidal energy

Murdoch University
National Small Turbine Test Centre
Testing, training, professional development 
and research to the small wind turbine 
industry

Curtin University Fuel and Energy 
Technology Institute (FETI)
Research to convert biomass – such as 
agricultural waste – into a clean fuel that 
can generate electricity

CSIRO SynCat
Australia’s first round-the-clock, fully 
automated synthetic fuels–research facility

UWA Centre for Energy
Research to harness geothermal energy 
from the Great Artesian Basin for use in air-
conditioning systems

Renergi (Curtin University)
Biofuel demonstration facility to research 
potential sources of advanced biofuels

100
The potential 
G-force of the 
COFS centrifuge 
(ten times that 
which astronauts 
experience 
launching into 
space) 

1460 
Potential jobs in the 
renewable energy 
sector in south-west 
Australia

50 per cent
Proportion 
of Australia’s 
electricity demand 
that could be met 
with 10 per cent of 
Western Australia’s 
wave energy

350–500 gigawatts
Marine-energy 
capacity that could 
be installed globally 
by 2050

100 kilograms per 
hour 
Potential biomass 
converted at 
Renergi’s biofuel 
production facility

Landscape of innovation
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A high-pressure sapphire visual autoclave 
used to study hydrate-plug formation and 
characterise crude oils at CSIRO's SynCat lab. 
Photograph by Matthew Galligan.
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Rio Tinto
Perth Airport

Rio Tinto
Pilbara

BHP Billiton
Pilbara

Square Kilometre Array 
(2020)
Mileura Station

General Electric 
Jandakot

Chevron
St George’s Terrace

Australian Resources 
Research Centre (ARRC)
Technology Park, Bentley

iVEC–Pawsey Centre
Technology Park, Bentley

Shell Prelude FLNG (2017)
Browse Basin 
(200 kilometres offshore)

Alcoa Australia
Booragoon

BHP Billiton
St George’s Terrace

Woodside
St George’s Terrace

 − Perth Remote Operations Centre
 − Rio Tinto Technology and Innovation Group

 − The Mine of the Future

 − Autonomous haulage trucks

 − Murchison Radio-Astronomy Observatory

 − GE Skills Development Centre
 − GE Services and Maintenance Facility

 − Global Technology Centre

 − Western Australian Energy
 − Research Alliance (WA:ERA)
 − National Resource Sciences Precinct 
 − Synthetic Fuels and Catalysis Research 
Facility (SynCat) 

 − Western Australian Centre of Excellence for 
3D Mineral Mapping 

 − National Geosequestration Laboratory 
 − Cooperative Research Centre for 
Greenhouse Gas Technologies (CO2CRC) 

 − National Measurement Institute 
 − UWA Fluid Science and Resources Group
 − Advanced Resource Characterisation 
Facility 

 − Australia’s Academic and Research 
Network (AARNet)

 − The Magnus, Galaxy and Zythos 
supercomputers

 − Regional head office

 − BHP Integrated Remote Operations Centre
 − BHP Perth Technology Centre

 − Woodside Innovation and Technology Hub 
(2015)

 − Controllers, schedulers, technical planning 
and support staff remotely operate Rio 
Tinto’s Mine of the Future

 − Autonomous Haulage System –  a fleet of 
driverless trucks 

 − Autonomous Drilling System – autonomous 
drill rigs 

 − AutoHaul – autonomous train network 
running iron ore from pit to port

 − The fastest radio telescope in the world. 
The SKA will extend the range of the 
observable universe

 − The GE Skills Development Centre 
trains the oil and gas, healthcare, power 
generation, mining and transportation 
sectors

 − The GE Services and Maintenance Facility 
services GE customers in Australia

 − An intellectual hub offering technology 
solutions to the energy sector

 − ARRC is an initiative of the Western 
Australian State Government, the CSIRO, 
Curtin University, the University of Western 
Australia and the mining and energy sectors

 − iVEC is a joint venture between Curtin 
University, Edith Cowan University, 
Murdoch University and the University of 
Western Australia. The Pawsey Centre’s 
supercomputers will analyse data from the 
Square Kilometre Array

 − A world-first floating LNG facility that 
will allow for the production, liquefaction, 
storage and transfer of natural gas at sea

 − Alcoa’s head office supports its regional 
refineries, farmlands, nurseries, bauxite 
mines and port facilities, plus the Alcoa 
Technology Delivery Group

 − The Integrated Remote Operations Centre 
hosts a management system for mine 
fleets, a train-control system and fixed-
plant control systems for mine and port 
operations 

 − The Perth Technology Centre is one of 
three Global Technology Centres and hosts 
BHP’s technical innovation staff

 − The Woodside Innovation and Technology 
Hub will assemble leaders to share 
knowledge and solve the challenges of the 
global oil and gas industry. It will support 
the development and piloting of a remote 
operations centre and be an incubation 
area for local entrepreneurs
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IBM
West Perth

The University of Western 
Australia
Crawley

Curtin University
Bentley

Edith Cowan University
Joondalup and Mt 
Lawley

Murdoch University
Murdoch

Challenger Institute of 
Technology
Munster

Shell
Adelaide Terrace

ConocoPhillips
West Perth

Fremantle Port
Fremantle

Hancock Prospecting
West Perth

West Perth junior mining 
cluster
West Perth
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 − IBM Natural Resources Solution Centre

 − Energy and Minerals Institute
 − Centre for Offshore Foundation Studies 
 − Centre for Exploration Targeting 
 − International Mining for Development 
Centre (IM4DC)

 − Australian Centre for Geomechanics
 − National Geosequestration Laboratory CO2 
Research Laboratory

 − iVEC Fornax supercomputer 
 − Indian Ocean Marine Research Facility 
 − Centre for Energy Geoscience 
 − Engineering Zone (E-ZONE)
 − Oceans Institute
 − Centre for Microscopy, Characterisation 
and Analysis

 − Integrated Sensory Intelligent Systems Lab 
 − Robotics and Automation Lab

 − Cisco Internet of Everything Innovation 
Centre 

 − Hydrogen Research Storage Group
 − Project Echo 
 − Fuels and Energy Technology Institute 
 − Fuel and Energy Technology Institute 
 − WASM Mining Rock Mechanics Group 
 − Deep Exploration Technologies Cooperative 
Research Centre

 − Australia–China Joint Research Centre for 
Energy 

 − Corrosion Engineering Industry Centre 
 − Resources and Chemistry Precinct

 − Mine, Water and Environment Research 
(MiWER) Centre 

 − Geotechnical and Geoenvironmental 
Engineering Research Group 

 − Natural Resources Modelling and 
Simulation Research Group

 − Research Institute of Sustainable Energy
 − iVEC Epic supercomputer 
 − Centre for Comparative Genomics 
 − Intelligent Systems Research Group 
 − Applied Artificial Intelligence Centre
 − Environmental Engineering and Life 
Systems Staff Research Group

 − Australian Centre for Energy Process 
Training

 − The Natural Resources Solution Centre is 
an industry-focused facility that promotes 
collaboration between IBM experts and 
local clients, industry, tertiary institutions 
and strategic business partners to foster 
innovation in the resources sector

 − Research facilities at The University 
of Western Australia span a range of 
technology disciplines. The energy and 
minerals value chain, ocean exploration and 
marine science, robotics and data analytics 
and sensory intelligence are all areas of 
focus

 − Curtin has a strong focus on minerals, 
energy, geophysics and engineering. 
Recent investments in data analytics and 
the internet of things have secured Curtin’s 
place in the future of this field in Western 
Australia

 − Edith Cowan University is developing a 
sustainable ecosystems and geotechnical 
and geoenvironmental engineering focus

 − Murdoch has had an active applied artificial 
intelligence centre for more than two 
decades. It is competent in intelligent 
systems research, sustainable energy and 
ecosystems research, and environmental 
engineering

 − Offers Australian Qualifications Training 
Framework education for the Australian 
energy, minerals and chemical-processing 
industries

 − In 2013–14 the Port of Fremantle accounted 
for 73.5 per cent of Western Australia's 
seaborne imports and 8.3 per cent of 
Western Australia’s seaborne exports

 − The largest concentration of ASX-listed 
companies in Australia and the largest 
concentration of companies focused on 
minerals-and-energy exploration and 
production
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Designing 
the future

The future will be built by people 
who use their intellect and agility 
to design solutions to the problems 
of everyday life. Prosperity – like 
social harmony – depends on those 
who can create new value by bring-
ing successful ideas to life: the 
designers, engineers and scientists. 
We call them imagineers.

Designers in all their forms, espe-
cially technologists and engineers, 
are the most promising agents 
of long-term wealth. Engineers 
deploy technical knowledge to 
solve society’s problems. History 
has shown us that the engineers, 

Perth is unique in Australia for the 
density of its engineering talent. 
Cities must compete to attract these 
imagineers and the prosperity they bring 
with them.

Western 
Australia’s 
victory in the 
war for talent

Landscape of innovation
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Mind power
Engineers per 1000 employed 
people in cities over 1 million 
people
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Silicon Valley has 
been a technology 
hub for 100 years 

– since the world’s 
first radio station 

was established in 
San Jose in 1909. 
What could Perth 
look like in 2100?

foreign-born. Talented expatri-
ates bring fresh ideas and global 
experience to Western Australia’s 
domestic resources sector and its 
supporting industries. The pres-
ence of these knowledge workers 
creates an environment in which 
new businesses, products and ser-
vices emerge.

Foreign-born 
professionals are 
more likely to be 
entrepreneurs, patent 
their inventions, 
commercialise licenses 
and publish research.

Studies have demonstrated that 
most skilled migrants train local 
colleagues during their stay. The 
specialised knowledge of foreign 
workers – especially on the design, 
maintenance and operation of 
complex machinery and tech-
nology – spills over to Australian 
workers. This knowledge and skills 
transfer has positive implications 
for local innovation and research 
and development. Internationally, 
positive correlations have been 
proven between skilled-visa 
approval and rates of patenting.

In an Australian 
Migration Council 

survey of 1600 
firms, 76 per cent 

of 457 visa holders 
had trained other 

employees.

tinkerers and problem-solvers 
devise the solutions and technol-
ogy that actually create – rather 
than follow – economic growth. 

Silicon Valley leads the world in 
wealth creation, product invention 
and technology. It has the world’s 
greatest concentration of engineers. 
Energy cities – Calgary, Houston 
and Perth – have the next highest. 

Solutions that create value: 
this is the definition of innova-
tion. Perth – unique in Australia 
for the density of its engineering 
talent – has the potential to be the 
innovation centre of Australia, with 
particular strengths in mining and 
resources, big data and life sciences.

advantages that it offers. Each 
successive wave of energy and 
minerals expansion has left the 
state with a pool of professionals. 
This time we must find a way to 
spin this talent into new gold.

More than half of 
migrants – 60.6 per cent 
– to Western Australia 
were skilled in 2013. 

Western 
Australia’s new 
vein of gold
Western Australia’s engineers are 
global in experience and orien-
tation. Between 2006 and 2011 
more than seventy-five per cent 
of new engineers to the state were 

The fall in commodities prices 
and the end of the establishment 
phase of energy and minerals 
projects means that many foreign 
engineers will depart Western 
Australia this year, but – as with 
Western Australia’s resources 
booms in the 1960s and 1970s 
– many will remain, captivated 
with Perth’s way of life and the 

‘Australia is one 
of the countries 

with the greatest 
potential to benefit 
from the internet of 
things thanks to its 
proximity to Asia, 

its well-trained 
engineers and its 

innovation power’.

– Cisco on the opening 
of its internet-of-things 

Innovation Centre in Perth. 
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Go West!
Net migration to Western 
Australia, 2004–2013
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Perth's 
creators
Growth in creative 
occupations, 2006–2011
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Creativity and 
skill in all its 
forms

Modern jobs in the knowl-
edge economy require a vast 
array of skills and experience. 
Communication, for example, 
is as necessary to minerals and 
energy production as it is to media 
production. The ability to com-
municate and connect ideas and 
information is vital; the multidis-
ciplinary nature of contemporary 
work groups is a key indicator of 
their success.

It is not just engineers who 
have changed the fabric of Perth, 
it’s the other knowledge work-
ers and creatives, as well as the 
skilled technicians and labourers 
who make up the state’s modern 
labour force. Western Australia 
has had an influx of nearly half a 
million new migrants in the last 
decade, fifty thousand of whom 

Western Australia’s 
labour force grew 
33 per cent – from 
1.08 million to 1.44 
million – between 

2005 and 2014.

were foreign. Perth’s economic 
growth is inseparable from its 
creative growth: it has, on aver-
age, twenty per cent more design, 
media and arts professionals 
building a vibrant, cosmopolitan 
city that it did a decade ago. 

© Image copyright Rio Tinto, 2010
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Trading places
Net interstate migration, 2004–2013
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Big data for the 
Big Bang

Technology and its applications 
are changing so rapidly that 
knowledge of the laws and prop-
erties of the material world are 
more valuable than ever. Western 
Australia already educates the 
highest proportion of tertiary sci-
ence graduates in Australia. 

The arrival of the Square 
Kilometre Array in Western 
Australia and the computational 
power required for it mean that 
Perth is endowed with one of the 
world’s richest sources of this 
power. The SKA will peer into the 
distant past to examine the origins 
of the universe and, eventually, 
allow us to see the Big Bang for 
the first time. 

The data-processing and stor-
age capacity required for this 
endeavour is vast – the SKA 
will generate the same amount 
of data in one day as the entire 
world does in one year – and the 
Pawsey Supercomputing Centre 
has been established to make 
its management possible. At the 
Centre, scientists and researchers 
have access to extremely powerful 
supercomputing, data storage and 
visualisation assets – technology 
unprecedented in Australia. 

Western Australia accounts 
for 10 per cent of the national 
population, but in 2009 it 
educated 14.6 per cent of the 
nation’s domestic graduates 
in knowledge-economy 
disciplines (physics and 
astronomy, earth sciences, 
engineering and related 
technologies, and law).

Western Australia has 
the highest-ranked 
university among the 
energy cities.

This lays the groundwork for 
a very different economic and 
cultural landscape. Imagine what 
Perth and Western Australia could 
become if entrepreneurs, policy-
makers and venture capitalists 
properly recognised the oppor-
tunity before them. Give those 
creative, big-thinking people 
attracted to our shores the proper 
attention and resources, and the 
sky’s the limit.

Landscape of innovation
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Ideas STEM 
from here
Higher education enrolments 
by state in science, 
technology, engineering and 
mathematics as a proportion 
of total enrolments, 2013

Total STEM enrolments as a proportion of total enrolments
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At Chevron's Global 
Technology Centre in 
Perth, engineers and 
other professionals 

research, develop new 
technology for and solve 

problems in areas of: 
LNG processing, subsea 
engineering, technical 

geophysics, exploration, 
reservoir management, 
deepwater operations 

and environmental 
stewardship.



The Economist 
Intelligence Unit 
named Perth the 

world’s ninth most 
liveable city in 

2014: it received 
a rating of 88.7 
for culture and 

environment and 
perfect ratings of 
100 for education, 
infrastructure and 

healthcare.

Perth: 
soft-power 
capital  

The Indian 
Ocean’s most 
vibrant, liveable 
city

While recent years have seen 
Western Australia’s economy soar 
to unprecedented heights, rising 
gross state product, inbound 
migration, employment and terms 
of trade have been matched by the 
transformation of Perth into an 
energetic and cosmopolitan city – 
a place with more than just good 
beaches. 

 
In the past decade, Perth’s live-

ability has noticeably improved. 
This has been observed by locals 
and foreigners: Baz Dreisinger 
of the New York Times recently 

asked, ‘Could a city really be so 
easy, breezy, green and pristine 
– so positively liveable?’ A glance 
at minerals and energy provinces 
around the world reveals that 
the flourishing of Perth cannot 
be attributed only to its strong 
resources sector: in the Economist 
Intelligence Unit’s 2012 liveability 
index, other energy and resource 
cities – Houston (46th), Brisbane 
(20th), Rio De Janeiro (92nd) –  
trailed behind Perth (9th).

Host to the oldest per-
forming-arts festival in the 
southern hemisphere – the Perth 
International Arts Festival – 
Perth’s commitment to the arts 
is proven. From the Northbridge-
based Fringe Festival to the 
Indian community’s Diwali 
celebrations, hundreds more 
well-attended cultural events 

Soft-power capital
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have been created since 2005. 
New performing-arts venues like 
the Perth Arena and the State 
Theatre Centre have invigorated 
the city. Since small bar–licens-
ing laws were relaxed in that 
year, laneway and pop-up bars 
have spread across the landscape: 
Perth is no longer the city famous 
for shutting down at sunset.

Perth’s population has dou-
bled since 1973, and projections 
suggest that it will double again 
to 5.5 million people by 2060. 
It is home to 270 languages and 
100 religious faiths, which the 
state government calls ‘super 
diversity’. The city’s multicultural 
population represents human 
experience and international 
connections that span the globe. 
As the Western Australian Office 
of Multicultural Affairs notes, 

The past decade has utterly 
transformed Western Australia 
– and nowhere has that transfor-
mation been more profound than 
in its capital city. Coupling stellar 
economic success with a cultural 
awakening, Perth has become a 
modern cosmopolitan diamond 
on the Indian Ocean.

90 per cent of young 
people aged fifteen to 
twenty-four in Perth 
attend at least one 
cultural event each year.

 

‘migration and diversity have 
given Western Australia a compet-
itive edge in a globalised world.’

37 per cent of people 
living in Perth were born 
overseas and 61.5 per 
cent of people have at 
least one parent born 
abroad.

Soft power – a fluid and intan-
gible dimension of national or 
provincial power – increases a 
state’s standing and influence. 
New infrastructure projects, a 
long-term nurturing of art and 
cultural activities, the inflow of 
foreign professionals, changes to 
licensing and a growing cuisine 
culture have all made Perth a 
more interesting, vibrant place.
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Vibrancy and 
culture 

Soft-power capital
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Gas giant
Prelude: the largest 
vessel ever sent to sea

Liquefied natural gas (LNG) 
is a critical chapter in Western 
Australia’s resources story. From 
fuelling the state’s electricity to 
fuelling its economy as one of its 
largest exports, LNG is a sphere 
of technological prowess and 
a leading area of innovation in 
Western Australia.

 
Shell’s Prelude floating lique-

fied natural gas (FLNG) facility, 
constructed in South Korea and 
destined for the Browse Basin 
– two hundred kilometres from 
Western Australia’s Kimberley 
coastline – introduces world-first 
technology to extract, liquefy, 
store and transfer LNG at sea. 

This technology will unlock 
stranded gas resources and deep-
water gas fields and, importantly, 
provide a flexible and rede-
ployable platform for offshore 
natural-gas extraction. Projects 
that were previously constrained 
by subsea pipeline limitations, or 
for technical, political, economic 
or environmental reasons are now 
possible with FLNG.

The Prelude facility is remark-
able not just for its potential, but 
also for its scale. Weighing in at 
600,000 tonnes – more than six 
times the world’s largest aircraft 
carrier – Prelude is half a kilometre 
long, easily the largest structure 
that humans have sent to sea. 
This mammoth construct will stay 
moored for twenty-five years after 
its scheduled launch in 2017 and 
is expected to produce 2.6 million 
tonnes per annum of LNG, 1.3 

million tonnes per annum of con-
densate and 0.4 million tonnes per 
annum of Liquefied Petroleum 
Gas (LPG) for export. Prelude’s 
innovative marine-loading arm – 
a massive feat of engineering – will 
transfer the vessel’s volatile liquid 
cargo onto a carrier while Prelude 
and the carrier bob on the surface 
of the ocean.

 
According to an independent 

analysis by ACIL Tasman, the 
Prelude project will create more 
than $12 billion in tax revenue; 
improve Australia’s balance of 
trade by more than $18 billion 
through LNG exports; prompt 
the spending of $12 billion on 
Australian goods and services; 
and create 350 direct jobs and 650 
indirect jobs.

 
The depth and breadth of these 

new jobs, and the knowledge and 
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experience that they will entail, 
cannot be underestimated. As 
the first host of an FLNG vessel, 
Western Australia, with its new-
found expertise, will lead the 
world in its skills and command. 
Its engineers, technical experts, 
operational crew and support 
services will have the competitive 
advantage of being the world’s 
first commercial practitioners of 
FLNG technology. As these facil-
ities become commonplace, our 
state will be at the forefront of this 
evolution.

Western Australia is an estab-
lished energy leader, as the 
learning legacy of the North West 
Shelf (NWS) Venture demon-
strates. The Venture is managed 
by Woodside on behalf of an 
international consortium of part-
ners (Woodside, BHP Billiton, 
BP, Chevron, Royal Dutch Shell, 

Mitsubishi Corporation and 
Mitsui & Co.). Conventional LNG 
accounts for more than one third 
of Australia’s energy production 
and has been the largest contrib-
utor to Australia’s domestic gas 
supply for nearly thirty years.

Located in Karratha, 1200 kilo-
metres north of Perth, in Western 
Australia’s Pilbara region, the 
Venture also produces LPG, oil 
and condensate for international 
energy markets. Since the 1970s 
the consortium has invested $27 
billion in facilities and infra-
structure, including offshore 
production platforms, subsea 
pipelines, onshore processing and 
storage facilities, loading facilities, 
jetties, and LNG ships.

 
The North West Shelf Venture 

is the largest resources develop-
ment in Australia’s history and 

the largest engineering project 
in the world. Australians have 
shared the knowledge and exper-
tise gained through this endeavour 
throughout the world. The bene-
fits of this knowledge-sharing are 
unlikely to ever be measured, but 
it undoubtedly has contributed 
to global prosperity and well-
being. From conventional gas 
exploration and production to its 
future as a frontrunner in FLNG, 
Western Australia has carved a 
unique place in the global energy 
marketplace and, therefore, the 
knowledge economy. 
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Unaccompanied 
miners
Rio Tinto’s Mine of the 
Future

 
Global miner Rio Tinto has spent 
the past decade vividly transform-
ing the face of mining. Its Western 
Australian Mine of the Future 
project is as courageous as it is 
innovative.

As with the best Silicon Valley 
success stories, Mine of the 
Future begun in 2008 as a skunk-
works with a few million dollars 
of investment and the backing 
of some visionaries. It ended up 
changing the way Rio Tinto – and 
the world’s other leading iron-ore 
miners – operated. The endeav-
our redefined and revolutionised 

mineral identification, extraction 
and transportation, and seven 
years on, the company’s Western 
Australian operations are defined 
by its advanced technology in the 
fields of autonomous transport 
and advanced robotics.

The vastness, complexity and 
remoteness of these operations 
– and their cutting-edge nature 
– would impress any science-fic-
tion enthusiast. The project’s 
Remote Operations Centre, 
based out of metropolitan Perth 
– the ‘nerve centre’ – controls 
expansive Pilbara operations 
some 1300 kilometres away 
through a vast network of auto-
mated technology. 

 More than 230 technical, 
planning and support staff and 
two hundred controllers actively 
manage the operations of fifteen 
mines, thirty-one pits, four port 
terminals and 1600 kilometres of 

rail network. From extraction to 
transit, every traditional mining 
role has been transformed. Rio 
Tinto has developed a series of 
remotely operated blast-hole drill 
systems. Its ore is transported 
across Western Australia with its 
Autonomous Haulage System – a 
fleet of autonomous trucks with 
impressive credentials: valued 
at $6 million each, the fleet is 
the largest in the world and has 
traversed 3.9 million kilometres 
since 2012. 

 
Civilian trucks and trains share 

the same ‘driverless’ future and Rio 
Tinto’s rail operation – the $518 
million AutoHaul network – is the 
world’s first fully autonomous, 
heavy-haulage, long-distance rail 
system: an impressive feat for 
a 1600-kilometre network. The 
company is now pioneering the 
use of Unmanned Aerial Vehicles 

Rio Tinto Autonomous Haulage Truck 
© Image copyright Rio Tinto, 2010.
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It can be frustrating to hear 
people talk as though we 
arrived in the Pilbara last year, 
lucky enough to find both huge 
ore reserves and thousands of 
kilometres of rail infrastructure, 
developed mines, fleets of 
autonomous trucks and 12,500 
highly skilled staff.   It’s akin to 
someone visiting Toyota’s vast 
plant in Nagoya, taking in the 
state-of-the-art robotics, finely 
tuned production process and 
blistering turnaround time to 
create a new vehicle and then 
saying “gee, they can assemble 
a car in a few hours, that’s a 
stroke of luck ”.

–Sam Walsh, Chief Executive 
Officer, Rio Tinto  

(UAVs) to map potential mine 
sites and collate data for its Mine 
Automation System, a program 
that produces real-time models 
based on geography, equipment 
and the control algorithms pro-
grammed into its vehicles.

 
Rio Tinto’s rapid automa-

tion has influenced mining 
practices around the world and 
stirred the curiosity of interna-
tional firms. While counterparts 
within Australia, such as BHP 
Billiton, have deployed or inves-
tigated robotic haulage, so have 
international firms such as 
Strata Worldwide and Hitachi 
Construction Materials. Western 
Australia plays a pivotal role in 
articulating the challenges and 
benefits that this technology can 
offer. The advent of automated 
haulage has resulted in wage-
cost reduction, improved daytime 

operations, raised safety stan-
dards and increased productivity 
in an increasingly competitive 
global market.

 
These strides also prom-

ise Western Australia a role 
in the lucrative industries of 
the future. McKinsey Global 
Institute’s 2013 report Disruptive 
Technologies projected the per-an-
num contribution of such 
technology by 2025, attributing 
an additional $1.7 trillion to $4.5 
trillion of annual economic activ-
ity to advanced robotics in areas 
like health care, services and 
manufacturing.

 
The report notes that experi-

mental and industrial technology 
– especially driverless cars, which 
are being tested by Google and 
automobile manufacturers – 
could enter the civilian realm as 

soon as 2017. The application of 
Autonomous Haulage System–
style technology to everyday 
transport has world-changing 
potential, including annual fuel 
savings of ten to fifteen per cent 
and potential carbon-emission 
reductions of twenty million to 
100 million tonnes annually.

Rio Tinto’s first steps towards 
a robotic workforce have 
wide-ranging implications. From 
mining to manufacturing and ser-
vices, tasks in the workplace and 
at home could be supported or 
conducted by robotic machines. 
The opportunities are vast – an 
estimated fifteen to twenty-five 
per cent of industrial work tasks 
could be automated by 2025. 
Again, Western Australia is at 
the vanguard of thinking and 
influence on this new horizon of 
productivity and creativity.
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Information, 
please
The big-data 
revolution

By 2050 we will be living in a very 
different world. More people, less 
access to arable land, less access 
to fresh water, a changed climate 
and other complex challenges will 
exert pressure on the social fabric 
of our communities. The future 
can at times seem bleak – but 
necessity is the mother of inven-
tion. Western Australia – with its 
access to data analytics, manipula-
tion and storage – is positioned to 
solve the world’s challenges with 
big data.

Western Australia’s CSIRO-
owned, iVEC-managed Pawsey 
Supercomputing Centre – an 
internationally significant, 
one-thousand-square-metre, pur-
pose-built centre at the Western 
Australian Technology Park, 
neighbouring Curtin University 
and the Australian Resources 
Research Centre – has the capacity 

to process and store volumes of 
data that were once unimaginable.

The ability to record and anal-
yse big data could help to alleviate 
Australia’s social and economic 
ills. The large-scale scrutiny of, 
for instance, health, financial and 
environmental data will allow 
analysts to predict the future 
more accurately and policymak-
ers to devise better policy – for 
instance, the heart-rate monitors 
now commonplace in smart-
phone accessories record data 
about their users’ health, which, 
anonymised and analysed, could 
be used to make decisions about 
health funding. 

Western Australia’s supercom-
puting facilities are a milestone 
in the state’s history and allow it 
to play a pivotal role in advanced 
scientific research. The Pawsey 
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Centre’s facilities and expertise 
support high-end research in areas 
such as geoscience and chemistry. 
A recent upgrade of Magnus, one 
of the Pawsey’s supercomput-
ers, makes it the most advanced 
scientific supercomputer in the 
southern hemisphere. 

One quarter of Pawsey 
Centre’s supercomputing capac-
ity is assigned to the Square 
Kilometre Array (SKA). The SKA 
might just be the world’s largest 
public-data project – generating 
enough raw data to fill fifteen mil-
lion sixty-four-gigabyte iPhones 
every day – and it requires sub-
stantial computational power 
to process this data in real time. 
The SKA will test the limits of 
scientific endeavour in coming 
decades as it probes the myster-
ies of the galaxy in unprecedented 
detail. Australia’s core site for 

this mega-science project is the 
Murchison Radio-Astronomy 
Observatory, a 126-square-kilo-
metre site in Western Australia’s 
middle – selected for its low pop-
ulation and extreme radio quiet.

 
This advanced, networked 

telescope array is, of course – like 
Rio Tinto’s Autonomous Haulage 
System – part of the internet of 
things. Cisco’s planned Internet 
of Everything Innovation Centre 
at Curtin University, ten kilome-
ters from Perth’s central business 
district, demonstrates the signif-
icance of the internet of things 
– the networking of people, ani-
mals, items and machines to the 
internet – to Western Australia. 
The Centre will leverage cloud 
computing, data analytics, cyber 
security and network technol-
ogies, creating a ‘connected 
community’ of information. The 

focus of Cisco’s Perth location 
recognises Australia’s established 
global leadership in resources, 
agriculture and astronomy.

A 2013 Cisco report analysing 
the economic value of the internet 
of things predicts that Australia 
will reap some of its greatest 
rewards – more than US$74 bil-
lion over the next decade – due 
to Australia’s proximity to Asia, 
its highly skilled engineers and its 
proven capacity to innovate.

The Pawsey Centre at Technology Park, 
Bentley.
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Alcoa Australia
 

Aluminium was once more pre-
cious than gold, so valuable that 
baby Napoleon’s rattle was made of 
the metal as a mark of wealth. The 
founder of Alcoa actually invented 
the process used today to affordably 
smelter aluminium, which at the 
time was a semi-rare metal. Alcoa 
made Earth’s most versatile, strong 
and lightweight material readily 
available. The company has been 
innovative since its inception and 
continues to expand our ideas of 
what is possible. 

Western Australia is a major 
character in Alcoa’s story. The 
state’s bauxite-ore deposits have 
produced alumina (the base prod-
uct for aluminium) for more than 

fifty years. Alcoa leads the world 
in the sciences of bauxite mining, 
environmental rehabilitation, alu-
mina processing, health and safety, 
and addressing contemporary chal-
lenges such as sustainability and 
emissions reduction.

 
Alcoa’s Kwinana Refinery 

is the headquarters for Alcoa’s 
Technology Delivery Group – 
the company’s global refining 
research-and-development team. 
The Technology Delivery Group 
represents the Western world’s larg-
est gathering of industrial scientists, 
engineers and PhDs, who develop 
technology to support clean and 
efficient alumina refining. 

The Technology Delivery Group 
has been awarded for technology 

it developed that entails the 
use of ‘bugs’, which eat impu-
rities in the refining process, 
leading to cleaner, greener pro-
duction in an energy-intensive 
industry. Another technology 
– continuous biological oxalate 
destruction – enlists naturally 
occurring microorganisms to 
consume oxalate – an impurity 
in the alumina refining process 
– to create high-quality alumina 
and increase productivity. In a 
biological bonus, this oxalate is 
converted to sodium carbonate, 
and rather than becoming a waste 
product it is easily reintroduced 
to the refining process. 

Alcoa’s calibre of brainpower 
has become its new gold.
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Carnegie Wave 
Energy
Australian swimmers know to 
dive under, and not through, an 
approaching wave. Understanding 
that pearl of surfing wisdom, 
Carnegie Wave Energy developed 
the world’s first fully submerged, 
ocean-tested, commercial-scale 
wave energy array that can gener-
ate both zero-emission electricity 
and fresh (desalinated) water.

 
Based in Fremantle, Western 

Australia, with a demonstration 
area at Garden Island, Carnegie 
Wave Energy’s research facility 
is the only facility in the south-
ern hemisphere with the capacity 
to develop, test and refine the 

technology known as CETO 
(named for the ancient Greek sea 
goddess).

 
The brilliance of this state-

of-the-art facility is matched 
by the ingenuity of its engi-
neers, scientists, technicians and 
management. Together, they rep-
resent world-class competency in 
renewable energy, computational 
analysis, in-sea prototyping and 
commercialisation.

 
CETO is the simplest and 

most robust wave technology in 
the world. It uses fully submerged 
buoys, tethered to seabed units, 
that move with the motion of 
passing waves and activate pumps. 
Wave-power convertors, perma-
nently anchored to the seafloor, 

create high-pressure water from 
the power of waves, which drives 
onshore hydroelectric turbines. 

CETO technology unlocks the 
vast, and untapped, promise of 
wave energy – a source with the 
potential to meet the current power 
demands of the whole world. It has 
the added advantage of producing 
desalinated water, appealing to the 
global market for both energy and 
fresh water.

 
Australian owned, operated 

and managed, Carnegie Wave 
Energy is literally making waves 
around the world. It employs 
international talent and works with 
European-based subsidiaries and 
in a joint-venture agreement with 
French power giant EDF.
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Centre for 
Offshore 
Foundation 
Systems

 
International oil and gas com-
panies rely on the expertise and 
curiosity of the engineers and 
geoscientists unraveling the mys-
teries of the ocean floor at the 
University of Western Australia’s 
Centre for Offshore Foundation 
Systems (COFS).

 
Established in 1997, COFS 

possesses one of the world’s 
largest teams of internation-
ally recognised researchers and 
consulting engineers in offshore 
geomechanics. With unparalleled 
capacity and capability, COFS is 
pioneering highly sophisticated 

modelling, technology and 
facilities to devise solutions for 
unconventional oil and gas explo-
ration. The Centre’s research areas 
are subsea pipeline engineering, 
deepwater foundation systems, 
geohazards and the mechanics of 
seabed sediments. 

 
Unique facilities such as the 

O-Tube simulator – and three 
geotechnical centrifuges – make 
COFS the only centre in the 
world with access to modelling 
potential of this calibre. 

 
The O-Tube simulator is a 

University of Western Australia 
innovation that is revolutionis-
ing research on pipeline-stability 
design and sediment transport. 
The O-Tube is a re-circulating 
water tunnel, driven by an inline 
propeller, which mimics seabed 
conditions from rough weather 

(storms, tides) to ambient weather. 
It is a key tool to improve engineer-
ing designs, enhance safety, reduce 
risks and protect infrastructure.

 
The centrifuge facilities are 

used for academic research and 
industry testing to assess the 
design of seabed infrastruc-
ture. The University of Western 
Australia's Centre for Offshore 
Foundation Studies has become 
a world-class knowledge asset. 
It leads research and modelling 
initiatives in floating liquefied 
natural gas (FLNG).

Engineers from all over the 
world use the Centre’s services to 
review their plans and designs to 
ensure robustness and reliability. 
Knowledge generated for Western 
Australian contexts has the capac-
ity to change energy-industry 
practices all over the world. 
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The Australian economic land-
scape – like most others around 
the world – is transforming. The 
rise of Asia in the last decade 
mirrors the contemporary rise 
of the digital economy, which is 
already worth $79 billion (5.1% 
of Australia’s GDP) according 
to Deloitte’s Google–commis-
sioned report Connected Continent 
II – and this figure is expected to 
grow to $139 billion by 2020. As 
a standalone industry, the digi-
tal sector could be the largest in 
Australia in five years. This rev-
olution is affecting all spheres of 
the Australian economy, and, as 
State of Mind demonstrates, lead-
ing mining and energy companies 
are already a step ahead of their 
counterparts.

As a state, Western Australia is 
subject to these sweeping changes. 
The recent decline in commodity 
prices means that innovation has 
become mandatory for businesses. 
The need for process redesign, 
data analytics and advanced 
research will only become more 

acute. The mining and energy 
sector – and the broader ecosys-
tem – must acknowledge that 
innovation thrives on coopera-
tion and collaboration as much as 
competition. Knowledge-sharing 
is essential to devising new solu-
tions. Western Australia is well 
endowed with industry-focused 
research institutes and programs; 
achieving the necessary econo-
mies of scale for these research 
efforts will require national and 
global collaboration.

Innovation in any industry 
depends on an ecosystem of 
suppliers, start-ups, research 
institutions, government, service 
providers and asset owners. There 
is evidence that  transformative 
new technologies are most likely 
to develop within complex, inter-
dependent research ecosystems.

There is evidence that  
transformative new 
technologies are most 
likely to develop within 
complex, interdependent 
research ecosystems.

Perth’s neural 
network
Revolutions happen fast 
but dawn slowly

History shows that centres 
which become game-changers 
in their domains – Silicon Valley 
in high tech; Boston in life sci-
ences; Singapore in finance – are 

populated by firms that have 
learned to work together at the 
same time as they compete. A 
successful centre of innovation 
is defined by the ambition of its 
people, who ask big enough ques-
tions that a collaborative network 
must emerge to answer them.

Western Australian compa-
nies, researchers and institutions 
must share a common purpose 
and vision. Those with daring 
solutions to big problems will 
outperform the ordinary.

The call to action
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Rewiring the 
local brain
The mining and energy sector 
must improve its ecosystem of 
innovation. Graeme Stanway 
argues in Innovation State of Play 
– a 2014 report on innovation in 
the resources sector – that with-
out the commitment of resources 
companies to a shared long-term 
vision, investment in innovation 
will continue to be driven by cost 
instead of product innovation. 

Transformational investments 
will remain under-resourced. 
Further, the absence of trans-
parency in the cultures of large 
mining and energy companies can 
discourage innovation and lock 

out small – but fertile – technol-
ogy suppliers (like local start-ups). 
Some Western Australian firms 
are already skilled at engaging 
with the wider ecosystem. Others 
must develop long-term strate-
gic partnerships, alliances and 
internal incentives to catalyse 
innovation and the development 
of new technology.

Systems – like brains – are 
exercised through connection and 
interaction. Executives and stake-
holders must encourage neural 
paths to form between the com-
ponents of their industry. They 
must stand up for engagement, 

conversation and cooperation. 
Universities, government agencies 
and senior industry players are well 
placed to improve the condition of 
the Western Australian innovation 
and technology ecosystem. 

The state has galvanised 
before. Western Australia’s 
recent influx of bright, skilled 
international professionals 
and its world-class design and 
engineering talent presage a cre-
ative, prosperous future. It has 
the talent and the institutions 
to diversify its economy and 
embrace the advanced industries 
transforming the landscape. 
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Notes
Australian Bureau of Statistics releases are subject to 

retrospective adjustments after publication. The statistics in this 

publication are subject to amendment.

Western Australia’s global footprint

This graphic is based on Australia-focused research 

commissioned by Ian Satchwell of the International Mining for 

Development Centre at The University of Western Australia. To 

reproduce this dataset for Western Australia only, SNL Mining 

and Metals listings for ASX–registered mining companies 

active overseas and registered in Western Australia were 

analysed. A sample of those companies starting with the letters 

A–K of the alphabet were analysed and the Western Australian 

statistics were extrapolated from these results.

Economic diplomacy

This graphic is based on research by Professor Ray da Silva 

Rosa, Patrick Davies and Professor Sharon Purchase at the 

University of Western Australia’s Business School.

Mind power

Houston refers to Houston–Sugar Land–Baytown. Silicon 

Valley refers to San Jose–Santa Clara–Sunnyvale

Perth creators

This updated graphic is based on one that appeared in the 

FORM publication Comparative Capitals (2008).

A state of disruption

This table is based on McKinsey Global Institute’s 2013 report 

Disruptive technologies: Advances that will transform life, 

business, and the global economy.

Please see www.stateofmind.vision for a full appendix.
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State of Mind online

Interact with the data, view the Western Australian 
landscape of innovation in motion and share 

State of Mind. View the interactive web story:

www.stateofmind.vision


