


The book offers insights into reconciling innovation with sustainability and 
identifying key stakeholders responsible for the reconciliation. Through 
conversations with experts in various fields, the intersection of innovation, 
sustainability, governance and complex systems in a rapidly changing 
climate-driven world is discussed.

Countries around the world face the urgent existential challenge to tackle 
climate change and CO2 emissions. In its discussions of case studies of key 
economic sectors in Australia, this book focuses on the emerging experience 
with harnessing innovation to sustainability. The interdisciplinary approach 
to the complexity of climate change and policymaking provides readers an 
opportunity for thoughtful discussions and lessons to be learnt from multiple 
angles.

This is a vital resource for scholars in climate studies, innovation and 
sustainability that also confronts important challenges facing policymakers, 
government and society.

Michael Lester is an independent economist, writer and radio presenter. 
A  former public-sector executive in Australia, he has worked and lived 
internationally. His experience spans science, technology, innovation, 
environment, resources, industry, trade and investment domains. He has 
undergraduate and postgraduate degrees in engineering, public administration 
and economics.

Marie dela Rama, PhD (UTS), is an independent researcher. She participated 
as an accredited civil society observer in these multilateral meetings: G20 
ACWG, OECD GACIF, UNCAC IRG, UN COSP9, UNGASS, UNODC 
ISM COSP UNGASS and UN SPT OPCAT. Her publications include The 
Changing Face of Corruption in the Asia Pacific (Elsevier) and Corporate 
Governance and Corruption (Journal of Business Ethics).
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Foreword
Andrew Leigh

For years, Michael Lester has been interviewing interesting thinkers for his 
radio programme, Innovation Talk. Modest and curious, his conversations 
take the form of a modern-day coffee salon, a Writers’ Festival, or your favour-
ite dinner party. Having sat in the metaphorical interviewer’s chair on a few 
occasions, I can say that being interviewed by Michael is always a pleasure, and 
never a chore. If you’ve written a book, you can be sure he’s read it, thought 
about it, and prepared at least a few questions that no one else thought to ask.

In this book, Michael Lester draws together more than two dozen inter-
views conducted over recent years about his favourite topics: innovation and 
sustainability. The conversations are lightly edited and helpfully footnoted, 
topped and tailed with a profile of the expert and a summary of the interview. 
Edited collections sometimes have a jumpy feel about them but this one flows 
well. And the issues matter.

In an era defined by the rapid pace of technological advancement and the 
pressing need for sustainable solutions to environmental crises, Innovation Path-
ways to Sustainability: Conversations Towards Complex Systems of Governance 
emerges as a critical compendium of insights and analyses. This book, through its 
engaging dialogues with leading thinkers, explores the intricate dance between 
innovation and sustainability, shedding light on how we can harness the power 
of economic and technological advancements for the greater good.

To whet – but not spoil – your appetite, let me give you a taste of what is 
to come.

Summing up Australia’s innovation performance, Roy Green says that

we have a very strong performance in our research output, the production 
of ideas through our universities through the CSIRO and other research 
institutions.  .  . but the efficiency or effectiveness with which we turn those 
ideas into commercial outcomes is lacking.

One intriguing attempt to address the problem comes from Green’s univer-
sity, UTS, which has been attempting to build entrepreneurship skills across a 
broad swath of the student body.
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In his interview, Mark Dodgson challenges us to see beyond the conven-
tional view of innovation as merely technological breakthroughs, presenting 
it instead as a force for comprehensive change that addresses pressing global 
issues. Dodgson recounts his surprise when he told senior managers in the 
pharmaceutical and construction sector that they needed to ‘play’ more: ‘they 
got it straight away’.

In a discussion of the economics of innovation, Kevin Fox points to the 
risk that new technologies lead to ‘stranded capital assets’, as firms are left 
holding too much capital given a technological change. He gives the exam-
ple of innovation in the accommodation sector that leaves hotels feeling 
out-of-date, an example that will resonate with those of us who tend to stay 
in budget hotels.

In a conversation with polymath Nicholas Gruen, we learn about the 
approach of ‘disagree and commit’, and how rarely corporate leaders welcome 
robust disagreement from subordinates.

US technology policy writer Robert Atkinson headed up the advisory team 
on emerging technology policy for US President Biden’s 2020 campaign. 
Atkinson emphasises his concern that share market investors might deter 
long-term investment, arguing that ‘investment incentives in the US have 
shifted the innovation system towards too much conservatism and too much 
short-termism’. He also accuses former Hewlett-Packard CEO Mark Hurd of 
‘gutting’ the company – pushing up the stock price by ‘basically robbing the 
future of HP and putting it into the short term’.

Turning to climate change, interviews with Ross Garnaut and Warwick 
McKibbin discuss the economics and politics of reducing greenhouse gas 
emissions. Both cite the work of Nobel Prize-winning economist William 
Nordhaus and seek approaches that maximise economic and environmental 
outcomes, while minimising unnecessary political pain. Garnaut’s conception 
of Australia as a ‘renewables superpower’ is crisp and powerful, while McKib-
bin notes the value of seeking to ‘create “constituencies” within an economy 
that find it in their own financial interest to not block the policy’.

The conversation then shifts to the impact of technological disruption on 
societal norms and economic structures, with Michael Piore and Bob Carr 
offering contrasting perspectives on the role of innovation in shaping the future 
of work and corporate responsibility in the age of climate change. Piore’s cri-
tique of the Silicon Valley model of innovation, juxtaposed with Carr’s call for 
corporate engagement in sustainability efforts, highlights the complex inter-
play between technological advancement and social responsibility.

Sami Kara offers practical examples of how to build a ‘circular economy’. 
Products, he says, should last longer and be easier to disassemble. He gives the 
example of the Fuji Xerox ‘One-Shot’ camera, which is posted back to Fuji, 
taken apart, and then reassembled for the next customer – an approach that 
certainly seems better than throwing it away (although still not quite as envi-
ronmentally sound as taking electronic photos on your smartphone).
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Just because a technology is new to Australia, it does not follow that it 
will improve well-being. In his interview, Jim Green debunks the hype about 
nuclear power, pointing out that the level of private funding for small modu-
lar reactors is ‘laughably low and not nearly enough to get projects off the 
ground’. Nuclear power, Green notes, has relied on governments being willing 
to kick in billions of dollars – money that could be better spent on investment 
in renewables.

In the energy space, a more promising technology is hydrogen. As energy 
expert Tony Wood notes, the hydrogen cycle is nicely circular: ‘If we start with 
renewable electricity from the sun to split water to make hydrogen, then, if 
we burn that hydrogen, for example in a power station, the product of that 
combustion is water’.

In agriculture, the discussion with Richard Heath delves into the potential 
uses of data to improve efficiency, such as by selective spraying of weeds. This 
is followed by an intriguing interview with Lesley Hughes, who points to the 
emergence of synthetic biology and food technologies as harbingers of a more 
sustainable and efficient future for food production. Impossible burgers, and 
non-dairy alternatives to milk, ice cream and yoghurt are just some of the sus-
tainable innovations she foreshadows.

Drawing the book to a close, Michael Lester’s concluding chapter syn-
thesises the many insights offered by the interviewees, weaving them into a 
coherent narrative that highlights the book’s central thesis: the inseparability 
of innovation and sustainability in the quest for a better future. Lester’s analy-
sis not only reiterates the importance of the discussions contained within the 
book but also invites readers to actively engage with the economic, techno-
logical and environmental challenges presented.

My hope is that this book will not only inform but also challenge and 
encourage all of us to take an active role in crafting innovative solutions that 
bridge the gap between technological advancement and sustainable develop-
ment. Together – through thoughtful engagement and collaborative effort – 
we can navigate the complexities of the coming decades, forging a path 
towards a future where innovation and sustainability are inextricably linked.

***

Dr. Andrew Leigh MP is a member of the Australian Parliament and author of 
over ten books, including Innovation + Equality: How to Create a Future That 
Is More Star Trek Than Terminator (with Joshua Gans, MIT Press, 2020) and 
The Shortest History of Economics (Black Inc. Books, 2024).



This book has its proximate genesis in my ongoing series of ‘Innovation Talk’ 
radio interview programme at Sydney, Radio Northern Beaches (88.7 and 
90.3FM www.rnb.org.au). I have had the privilege over the course of the years 
of programming since 2018 to discuss a wide range of issues with leading 
science, technology and society experts and commentators in their fields in 
Australia, the UK and the US. A small selection of these conversations forms 
the core of this book focused on the interrelationship between innovation and 
sustainability within the context of responses to climate change.

Without my interviewees’ generous contributions and agreement to be 
included here, there would be no book. I am indebted not only to them as 
contributors to this book but also to the pursuit of my own curiosity and 
knowledge.

My interest in innovation goes back many years. I worked primarily from an 
economics perspective on policies for science, technology, trade and industry 
including at the Organisation for Economic Cooperation and Development 
(OECD) and with the Australian Science and Technology Council (ASTEC). 
With an early background in water engineering, natural resources and envi-
ronmental policies, and latterly with Land and Water Australia (LWA), I have 
a continuing interest in environment and sustainability.

The book opens in its first of four sections by introducing two intertwined 
questions. What is innovation, how is it driven and how does it interact beyond 
economics with science, technology and society to shape our lives and hope-
fully well-being? What is sustainability and how is it impacted by technology 
and innovation, particularly in a time of global climate emergency?

The book’s two central sections take as case studies the issues of climate 
change and energy; and agriculture, land and water. While these focus on an 
Australian perspective given its unique continental scale endowments of natu-
ral resources, these sections afford insights into our broader inquiry and into 
global climate change-driven challenges facing these two key sectors.

The fourth and final section asks who is responsible and how, for address-
ing the challenge of sustainability and innovation posed by climate change. 
The discussions turn on the forms of operation of governance institutions 
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in confronting the interaction of the complex systems of innovation and 
sustainability.

The idea for the book came from my co-author, academic Marie dela Rama, 
my long-time friend and colleague in writing published papers with her inter-
ests in governance and political integrity. With her familiarity in academic pub-
lishing and her eye for topicality, she urged me to submit a book proposal. 
Without Marie’s enthusiasm and initiative, organising skills, and subsequent 
deft collaboration in writing and editing, attention to detail and referencing, 
this book would not have been completed. Thank you Marie.

A link to all my interviews, including those covered in this book, can be 
accessed through the following page: www.mixcloud.com/michael-lester5/

Michael Lester, Sydney, 2024
melester@yahoo.com

***

This publication is the culmination of decades of policy experience and the 
network effect of bringing subject-matter experts  – and their accumulated 
knowledge – together to come up with innovation pathways for solutions to 
the ongoing sustainability challenges we face today.

I have spent countless hours over many, many years with Michael arguing, 
debating and discussing in a salon or tertulia type of environment over the 
various topics covered in this book. Organising eclectic ideas in a coherent 
form has allowed us to explore these themes in greater detail, and Michael’s 
high-calibre interviewees called for a compilation that allowed the power of 
their ideas to shape the structure of the book. Subjects discussed in his inter-
views needed to be shared with a wider audience, beyond its initial radio listen-
ers, as a contribution to clearer understanding of the existential issues. Hence, 
this publication.

Equally as important, I’d like to thank the team at Routledge Singapore 
for their encouragement, understanding, patience and support in seeing this 
publication to completion, especially Yongling, Kendrick and Chelsea. Thank 
you for your perseverance.

Human sustainability requires innovation to confront the many existential 
challenges of the twenty-first century. Curiosity and enquiry are prime motiva-
tions to understand and to provide answers to current problems. While issues 
may be albeit resolved, inevitably, new ones arise.

My vision for this book is that it primarily contributes to the growing body 
of work that emphasises innovative and positive policy solutions to address 
complex problems; and as a testament to the influence and enduring power 
of ideas.

All links were accessed at the time of writing, but internet sources are always 
in a state of flux and we hope that some of these links are still working when 
you read this book. Furthermore, each chapter contains keywords reflecting at 

http://www.mixcloud.com/michael-lester5/
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least one Sustainable Development Goal (SDG) number. The UN SDGs are 
17 universal goals for humanity by the year 2030.

You are welcome to send us your thoughts, suggestions and comments on 
the topics covered in this book.

The art of civil conversation can be sometimes lost when covering complex, 
contentious and controversial topics. I hope you find this book encourages 
that art to continue and that you enjoy this book as much as we have had fun 
compiling, writing, editing and tweaking it.

Marie dela Rama, Sydney, 2024
delaramawork@gmail.com
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The world faces the twin challenges and opportunities of climate change adap-
tation and digital technology disruption. Both also pose existential risks to 
sustainability on a human and global scale.

Key Questions

Historically, technology and innovation have fuelled global economic prosper-
ity and population growth, while at the same time underpinning the unprec-
edented rate of energy use required that now confronts us with the global 
climate change crisis and a challenge to global sustainability.

• Can we trust in technology and the seemingly limitless options that it 
affords in the hope that it will provide a ‘silver bullet’ to climate change and 
a path to global and human sustainability?

• Will the complexity of technology itself dictate the pathways we will tread 
in a form of ‘technological determinism’ that overrides our human agency?

• Are our political systems and governance practices ‘fit for purpose’ and suf-
ficiently innovative to guide us systemically to a sustainable future?

Each succeeding year of climate change brings new, all-time global temperature 
increases at a rate faster than predicted towards the agreed 1.5 degree target at 
the 2015 Paris Agreement, with and the accompanying natural disasters. 2023 
was the hottest year since global records began in 1850. The threat posed is on 
the scale of the 6th global extinction of living species; only this time around, it 
is driven by our own human activities in the Anthropoecene Era.

The Industrial Revolution and its ‘wave’ of associated mechanical and elec-
trical technologies  – heavily reliant on fossil fuel energy  – lifted economic 
and population growth to historically unprecedented levels through the nine-
teenth century. The ‘long-wave’ technological paradigm shift to our era of 
digital technologies beginning in the late nineteenth century has already dis-
rupted long-established social and economic norms globally. Poised on the 
doorstep of Artificial Intelligence, its impacts promise to grow exponentially 
to challenge the very notion of what it is to be human.

1 Introduction
Exploring the Opportunities and Challenges 
of Innovation, Technology, Climate Change 
and Sustainability

https://doi.org/10.4324/9781003280316-1


2 Introduction

Method

This book takes you on a journey of exploration that reflects our own attempts 
to better comprehend and fathom the nature of both innovation and sustain-
ability in their interrelationship. In particular, this inquiry is about the ways in 
which technology might either confound our attempts to tackle the global cli-
mate emergency or offer a pathway to a future sustainable global environment.

Innovation is not a linear process driven at the front end by genius basic 
research and science, and transformed by entrepreneurs through development 
into a vast array of products and services then diffused and adopted widely for 
social impact. It rather operates as a complex ecosystem in a series of feedback 
loops at each stage and within a complex array of social, cultural, economic, 
political and institutional components of each individual national innovation 
system. A little like this book which unfolds in an inductive exploratory man-
ner across the many dimensions of innovation ecosystems in search of the 
complexity of sustainability.

Our inquiry in this collection of chapters based on a selection of 27 inter-
views with a wide range of experts explores options for innovative pathways 
to sustainability. Those interviewed range across disciplines including agricul-
ture, economics, engineering, governance, history, journalism, politics, public 
policy and science. They work as academics, authors, bureaucrats, consultants, 
farmers, journalists, politicians, journalists, researchers and scientists.

I believe that the conversational tone of the interviews drawn on in this 
book allows a degree of freedom of expression and spontaneity from our 
experts that is not normally found in their more formal writings and presenta-
tions. The informal, vernacular language rather than diminishing the substance 
and impact of their positions and arguments illuminates and adds emphases 
to their informed and important messages. I hope you will find that it gives 
added immediacy and accessibility to their expert and technical voices on our 
important topics.

In framing the conversations, I have attempted to explore the big-picture 
ideas and long-view perspective underlying the developments and news of the 
day. The many references to media reporting provide an anchor and context 
for the discussions which have taken place over a number of years. References 
to academic and institutional papers, reports and books point the reader to 
detailed and analytical materials that underpin and develop the points covered 
in the interviews. We believe that the structural and dynamic insights they 
afford maintain their value notwithstanding any subsequent developments in 
technology and policies. Footnoted references do provide relevant updates on 
both where deemed material.

In our selection of interviews from among the 150 or so broad-ranging 
conversations on innovation over the past few years of my programme, we 
have adopted a case study approach focused on sustainability and climate 
change in particular. The chosen focus in the book is on two key economic 
sectors based on use of natural resources: climate and energy; and agriculture, 
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land and water resources. These sectors are examined in the Australian con-
text, not least because it is an essentially natural resources-based economy. 
Their discussion is complemented and contextualised by broader international 
perspectives drawing on a wider range of international experts.

Layout and Logic

If you enjoy an unfolding sense of discovery, do please turn straight to the first 
of our interview chapters or you might prefer to dip into selected interviews 
that attract your particular attention. If, however, you are more comfortable 
having some idea of the lay of the land ahead, then this introduction provides 
a roadmap.

SECTION I: UNDERSTANDING INNOVATION  
AND SUSTAINABILITY

The book begins in the first of its four sections with an interview with Mark 
Dodgson by asking what we know of the ideas of innovation and sustainability, 
how they have developed over time and where they stand today. Adam Smith 
back in the eighteenth century identified technological change and innovation 
as drivers of economic growth and the ‘wealth of nations’. It was not until late 
in the twentieth century that economists such as 1987 Nobel Prize winner 
Robert Solow took a closer look at the process of economic growth focusing 
on the drivers of labour and capital from a neoclassical perspective.

The role of technology remained a mysterious ‘black box’, a deus ex machina 
until the early part of this century when it was recognised by economist 2018 
Nobel Prize winner Paul Romer as an ‘endogenous’ component of growth 
arising from within the economy. Nevertheless, as discussed with Kevin Fox, 
its impact and measurement have proved elusive and challenging particularly 
in the paradox of large investment and development of digital technology but 
with limited empirical evidence of improved economic performance through 
productivity.

The work of Joseph Schumpeter identified risk-taking entrepreneurs as the 
principal agents of technological change and at the centre of economic growth 
through a process of ‘creative destruction’. We discuss with Nicholas Gruen 
the role, motives and values of digital age Silicon Valley, garage start-up entre-
preneurs and the unprecedented rate of growth of their subsequent global ‘big 
tech’ corporations to capitalisations previously unheard of. We ask if we are in 
a new age and breed of young entrepreneurs who face much lower barriers to 
entry than ever before.

It is nations that face new ‘existential’ geopolitical challenges of national 
security and global climate change that require systematic government inter-
vention to deliver innovation, competitiveness and sustainability putting 
them arguably at a ‘tipping point’, as discussed with Robert Atkinson. We 
explore the dimensions of these challenges and responses at the scale and 
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cultural complexity and transformation of ‘national innovation systems’ with 
Roy Green.

Yet we see that the pathway through technology and innovation to sustaina-
bility, as dramatised in the case of global ‘climate change’, while reliant on gov-
ernment action is stymied and frustrated by ‘partisanship’ and ‘politicisation’.

We discuss with Ross Garnaut how the advice of scientists and economists 
for efficient and effective solutions and transition pathways is thwarted. As the 
globe confronts the ‘tragedy of the commons’, the effective economic integra-
tion of a sustainable energy transition in response to climate change advocated 
by 2018 Nobel Prize winner William Nordhaus confronts the complexity of 
modelling and weighing of costs and benefits which is elusive in itself as Wil-
liam McKibbin elaborates.

In discussion with Sami Kara, he explains how ideas such as the ‘circular 
economy’ suggest broader innovative pathways to sustainability that have the 
potential to decouple growth from resource use and waste. These involve the 
systemic transformation of manufacturing business models and management 
practices, accompanied by significant changes in consumer expectations and 
behaviour.

SECTION II: CLIMATE CHANGE AND ENERGY 
RESOURCES

In the second section of the book, we consider the first of two case studies 
drawn from Australian experience, which open up the processes of innova-
tion as they bear on the opportunities for sustainability in two key economic 
sectors. This section deals with the challenges of decarbonisation from fossil 
fuels in response to global climate change. We discuss how despite the avail-
ability of disruptive and transformative competitive renewable solar and wind 
energy technologies the political climate can impede a sustainable energy tran-
sition. As a significant global fossil fuel energy supplier, Australia is also richly 
endowed with globally competitive renewable energy resources so the chal-
lenges and opportunities are particularly acute.

Policy uncertainty and lack of stability can undermine the large and neces-
sary investment in the transformation and decarbonisation of the electricity 
industry as discussed with Giles Parkinson. The exercise of vested and power-
ful interests in fossil-fuelled electricity has contributed to Stop-Start policies. 
Party politicisation has characterised the highly contested, partisan and divisive 
‘climate wars’ and compromised the adoption and acceptance of practical solu-
tions, as explored with Chris Dunstan.

We examine the factors determining the rate of diffusion and adoption of 
new renewable technologies. In the particular case of electric vehicles (EV), 
we discuss with Peter Khoury the importance of individual consumer motiva-
tions in the face of barriers to adoption that are influenced by government 
policies bearing on price, and infrastructure provision.
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Much hyped, emerging new digital technologies that are potentially trans-
formative in the global financial services industry are not necessarily envi-
ronmentally benign or sustainable. We explore with Sean Foley the case of 
cryptocurrencies and their reliance on heavy electricity power and labour 
exploitation.

New unproven, presently uneconomic technologies are touted as sustain-
able technology ‘fixes’ in the energy sector. We illustrate by discussing with 
Jim Green how and why long-established mature and uneconomic technolo-
gies such as nuclear power are promoted as a solution on the basis of their 
contribution to sustainable net zero in the form of overhyped and politicised 
‘small modular reactors’ with Jim Green.

The final chapter in the Energy case study section discusses the sustain-
able energy transition with Tony Wood. It concludes with the captivating 
promise of complex optional technology pathways to a ‘hydrogen-based 
economy’ potentially transforming Australia’s energy and manufacturing 
sectors into a global renewable energy superpower, ‘shipping sunshine to 
the world’.

SECTION III: AGRICULTURE, LAND AND WATER 
RESOURCES

Our second set of case study interviews feature the agriculture, land and water 
resources sector that face particularly acute climate change issues in Australia 
as a global food exporter and the driest continent. Long dependent on innova-
tion to maintain sector global competitiveness, the innovation pathways for a 
transition to sustainability are complex and formidable.

We explore the key part played by innovation over decades in lifting agri-
culture sector productivity and consider the opportunities presented by digital 
technologies alongside the funding of research, development and extension 
with Richard Heath. As a major user of land and water resources, issues of 
sustainability in the face of climate change loom large along with the social and 
structural adjustment implications.

We ask if the biotechnology revolution of ‘precision fermentation’ heralds 
a new era of food production without animals with Lesley Hughes. While 
minimising the environmental impact of agriculture, this revolution affords 
the promise of feeding ever more people on a scale described as the ‘second 
domestication’ of animals.

Innovation over the decades for the sustainable use of water resources upon 
which agriculture is fundamentally dependent has proven catastrophically dif-
ficult in the case of the nation’s most significant environmental asset, the Mur-
ray–Darling River Basin. We discuss with Richard Beasley how application of 
the best available scientific knowledge has been compromised politically, at 
great public expense of billions of dollars, in an example of gross public policy 
mismanagement with the Basin.
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Lack of new knowledge and science is not always in itself necessarily the 
key to evidence-based policy and institutional innovation for sustainability. 
We discuss with Bruce Pascoe how Indigenous Australians and their culture 
have survived over 60,000 years in this driest of continents over vast cycles 
of environmental and climate change and why colonising and modern Aus-
tralia has deliberately ignored and even denied that history of adaptive land 
management.

The knowledge and practices of decades of modern and widespread experi-
ence with a suite of innovative and sustainable regenerative practices of cul-
tivation and agriculture prompt us to ask about the barriers to widespread, 
scaled-up adoption. We explore, with Charles Massy, a long history of indi-
vidual attempts to break through the institutionalised practices of large-scale 
industrialised agriculture and the commercial and cultural impediments stand-
ing in the way of ecological literacy of landowners about the self-regenerating 
and sustainable nature of complex adaptive ecosystems of land, water and 
biodiversity.

SECTION IV: GOVERNANCE ROLES AND 
RESPONSIBILITIES

In the course of eight discussions that make up the fourth and final part of 
the book, we consider the roles and responsibilities of the various key actors 
and institutions involved in the governance of our quest down the innovative 
pathways to sustainability.

We are living in an era characterised by the Silicon Valley Consensus about 
the power and beneficence of disruptive innovation championed by the tech 
entrepreneurs. We consider, with Michael Piore, to what extent this form of 
technological determinism has been adopted by governments with the result 
that many feel ‘left behind’ and attracted to the appeal of populism.

Corporations and the private sector are key drivers of productivity and 
growth but what is their responsibility and capacity often in the face of their 
own vested interests in taking forward an innovation agenda towards a sustain-
able response to climate change? We discuss with Bob Carr the circumstances 
under which governments, often laggard in their own responses, might find 
ways to partner effectively with business.

With Pru Bennett, we discuss whether the finance industry plays a role by 
channelling capital investment to businesses promoting and pursuing sustain-
ability goals and governance (ESG) or in the absence of enforceable standards 
does it all amount to a ‘woke’ form of ‘greenwash’.

On the other hand, from a business point of view there are clearly signifi-
cant opportunities in decarbonising and moving to renewable energy sources. 
There are many viable and innovative pathways to the sustainable transforma-
tion of the Australian economy into a global renewable energy ‘superpower’, 
‘exporting sunshine’ to the world. We explore these opportunities and the 
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leadership supportive government role in the transition with the second Ross 
Garnaut interview in this book.

Governments, and indeed business, rely on maintaining the trust and con-
fidence of the people that in recent decades has fallen precipitously. In our 
democracy, journalists and the media play a key role in informing the public and 
contributing to transparency and accountability of government. We discuss, 
with Allan Fels, the ways in which that role has been substantially undermined 
by technology, media concentration, growing secrecy and disinformation, 
thereby prejudicing the role and future of public interest journalism.

Scientists themselves have a role in contributing to public confidence as we 
see with COVID-19 and Climate Change. We consider how public under-
standing of and confidence in science, its methods and uncertainties can be 
built both through education and by the actions of scientists themselves with 
the only joint interview in this book, Aaron Mertz and Abhilash Mishra.

This book concludes the final section with two chapters addressing the 
broader systemic questions of roles, responsibilities and governance. Can the 
collective failure of our institutions in their timely response to the climate 
emergency be explained by its traditional hierarchical, top-down, maximis-
ing, command-and-control governance models? Might a more systems-based, 
decentralised and adaptable approach to governance enable a more sustainable 
future, as discussed with Ray Ison.

Finally, we discuss with Barry Jones the need for political systemic reform 
to deliver effective public trust and engagement. Is anything short of a politi-
cal and cultural transformation of the distribution of democratic power in 
our governance likely to confront the global existential challenge of climate 
change and deliver sustainability.

Happy Reading

We hope you will now join us with a focused sense of purpose on our journey 
of inquiry that we have been privileged to undertake in the company of our 
many eminent and distinguished interviewees.
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Introduction

Adam Smith in Wealth of Nations (1776)1 identified a concern with the eco-
nomics of technological change and innovation as a driver of economic growth 
and wealth of nations. The idea of innovation has a long and complex history 
both in theory and in practice.2 Just what is innovation? The term is widely 
applied to a broad range of concepts, ideas and practices. Why is it important 
to our societies, to our well-being and to our businesses?3 How does innova-
tion operate in businesses and in governments which both promote it and 
regulate it in the public interest? How has our understanding of innovation 
developed over the past century or two? And where is innovation taking our 
economies and societies in the future? These are important questions as we 
find ourselves caught up in the current wave of transformational digital tech-
nology innovation.4

Keywords: destructive innovation; disruptive innovation; economic growth 
models; entrepreneurship; government-led innovation; innovation; innovation 
ecosystems; playful entrepreneurs; productivity paradox; SDG8; SDG9; tech-
nology black box; total factor productivity.

Interviewee Profile

Mark Dodgson (MD) (AO)5 is Professor Emeritus, Innovation Studies at the 
Business School, University of Queensland; and Visiting Professor of Innova-
tion at Imperial College, Business School in London. His research and writing 
have spanned many decades, and his influence on innovation management and 
policy has been worldwide.6 He has worked in over 60 countries and particu-
larly focused on the importance of organisations and organisational learning 
and business strategies including issues of collaboration between firms, and 
between firms and research organisations. Mark produced a landmark hand-
book on industrial innovation7 and participated in the review of Australia’s 
National Innovation System.8, 9

2 The Things That Matter
Understanding and Communicating the 
Process and Impact of Innovation

Interview With Mark Dodgson
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12 Interview With Mark Dodgson

The Interview

ML: Mark, how and why did you come to devote a long career to the study 
of ‘innovation’?

MD: I was very fortunate as a youngster choosing an area of study which has 
proven very fruitful and never anything less than interesting. I suppose 
it started with my choice of degree back in 1974. It was called Society 
and Technology, and it was about the impact of technology on society. 
There were a bunch of, let’s put it impolitely, ‘hippies’ that wanted to 
change the world and were interested in alternative technologies and so 
forth. It was an ideological fascination and an almost utopian interest in 
technology in that era.10

There was also great concern about the depletion and exhaustion of 
resources and the environmental consequences of technologies,11 that 
was also very resonant with today’s discussions about how computeri-
sation was going to affect employment levels and skills, and so forth. 
One of the things I have noticed over a long career is that many of the 
issues that we’re facing and talking about today have been confronted 
in the past.

ML: You recently launched the second edition of your very successful book 
from Oxford University Press (OUP), Innovation: A Very Short Intro-
duction.12 How do you account for its popularity in many languages and 
around the world?

MD: Yes, it’s done very well and it’s part of a very good series of these OUP 
books that have sold six or seven million copies. They’re very handy, 
fit in your purse or your jacket pockets and they’re on a wide range of 
issues. Writing a short book is like writing a short article: it’s much more 
difficult than writing a long book. One of the books that I edited on 
innovation is over 2,000 pages long, so there’s an awful lot known about 
this subject and being able to condense it into a short book of 25,000 
words to look at the main issues related to innovation – its causes, its 
effects and its future – is quite a challenge and was very enjoyable.

ML: A feature of your book is that you confront the challenge of commu-
nicating effectively about the complexity of innovation, with a wider, 
non-specialist audience. Our former Prime Minister, Malcolm Turnbull 
arrived with a great flurry promoting an innovation agenda but soon 
found himself having to back off politically because he didn’t seem to 
be able to communicate to the electorate a positive and relevant vision 
behind his talk about entrepreneurship and innovation.13 People were 
worried about job losses, which they could see at the front end of inno-
vation and change. How do you tackle the communication challenge in 
your book?

MD: Well, I think you’re right. I think that they got the message completely 
wrong because the association with innovation was people in laboratories, 
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in white coats and it was about people with ponytails and funky haircuts 
and drinking lattes in coffee bars and talking about start-ups, and so on; 
it was very, very different from the everyday experience of the popula-
tion and citizenry: the voter.

So, I  try to bring innovation down to a personal level and think 
about how innovation has changed the quality of our lives and our 
families. For example, my grandfather, who I grew up with, when he 
was born and grew up there were no radios; there were no cars, no 
internal combustion engines, no planes or cinemas or cinematography 
or anything like that. His world was incredibly different from today. 
I was recently very happy that I became a grandfather for the first time 
and looking at my grandson I wonder what kind of life that he’s had. 
Since my grandfather and probably his great-grandfather, life has pro-
gressed positively, the technologies that we have now that we didn’t 
have 150 years ago. They’ve had a marvellous effect on our quality of 
life. It’s given us better health, longer lives. It’s given us the freedom 
to travel, better opportunities for education, the democracy of free-
dom, of automobiles and being able to travel and fly and so forth. So 
many improvements. But the question I have is whether my grandson 
will enjoy that wonderful trajectory we’ve been on in the last 150 or 
so years, where innovation has improved the quality of our lives and 
our standards of living.

So I think we’ve had to turn to the question of what effect is innova-
tion having on us? In our everyday lives? And that means pushing some 
hot buttons of what things mean to people.

What does innovation mean to people driving to work? How we can 
make transport systems more efficient and less polluting so you don’t 
have so much time spent in traffic; maybe that’s something your listeners 
may struggle with, their driving home from work. That’s an issue that 
really matters. But you know, smart cars and more efficient planning and 
our electric engines and so forth will help address some of those prob-
lems, as may fast transportation systems which are much more efficient. 
So that’s an issue.

People have concerns about health care and worries about the expan-
sion of the cost of health care. But digital technologies in the home 
are able to provide data remotely and some analytics that can provide 
preventative medicine based on your watch or some device you may 
wear produces much more effective information, more rapid decision 
or sometimes better decision-making rather than clogging up hospitals. 
What matters to people is when Auntie Nora goes in for a hip transplant, 
how quickly she is going to come out and will she be much much bet-
ter? Well, innovation will get her out quicker. It’ll give her a better hip, 
will get her a better quality of life. So we need to relate this issue and 
its innovation to everyday experience rather than talking in some vague 
terms about biotechnology start-ups, or AI start-ups, which doesn’t 
mean a lot to people.
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ML: That’s a pretty strong point about communicating the meaning of inno-
vation, and in your book,14 you address that in terms of the impact on 
people’s everyday lives. So usually, over the long haul, the impact is for 
the better, and you can do this well in stories such as you tell in the 
book. But innovation can also be very important for people in driving 
as it has over time, significant productivity growth, economic growth by 
which we all benefit and in which we all share;15 and certainly here in 
Australia, one of the richest countries in the world, in prosperity, which 
is spread widely in our society and which is centrally driven by innova-
tion and technology. Or is that not so?

MD: No, absolutely. Most economic growth since the Industrial Revolution 
has been driven by innovation, and I think the problem we face today is 
that around the developed world, productivity is actually declining.16 In 
terms of what they called total factor productivity,17 which is the amount 
of productivity that occurs after you allow for investments in capital and 
labour, which can be seen as innovation. So there’s declining productiv-
ity, but when you actually go down and start looking at companies and 
different industries, you find tremendous variation. You find innovative 
companies in virtually every sector that do invest in technology, they 
do invest in skills and management training and so forth, and they use 
innovation very effectively. And they’re the ones where productivity will 
increase, but unfortunately there’s a large rump of companies that don’t 
invest in innovation, they don’t invest in new skills and they’re the ones 
that drag the whole economy down.18

So I  think the question is how to create more of that top tier of 
companies that are externally oriented, market-facing, technology-savvy, 
being interested in dealing with international markets and so on. We 
need more of those firms and we need to raise the game of other com-
panies across the board to get them more involved in innovation, more 
innovative in order to raise their productivity because it’s in those com-
panies where productivity is lagging in the nation as a whole. And with-
out productivity, we don’t have the money to be able to pay for the 
things we want, like a health system, an education system and defence 
and so on.

ML: Economists have long and particularly in recent times with the digital 
age, technological change grappled with what is referred to as the ‘pro-
ductivity paradox’, namely the observation, attributed to Nobel Econo-
mist Robert Solow in the 1970s and 1980s, that everywhere around us 
in society we see the new products of new digital technologies. We all 
know them and live with them, and overall we are pretty happy with 
them and there’s been big investments obviously made towards all that. 
And yet, as you say, the productivity performance of the economy seems 
to be lagging.19 Economists have changed their way of thinking, haven’t 
they, over time about how innovation works in the economy? Haven’t 
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they traditionally thought of it as what might be called a bit of a ‘black 
box’ in driving economic growth? They’ve always focused on capital and 
labour: if you increase the amount of capital, if you increase the amount 
of labour, you get growth. But they tended to have ignored, as you say, 
the role and the understanding of how technology actually contributes 
to growth?

MD: Well, I think that’s right. There is a new generation of economists that 
is thinking more clearly about the impact of innovation. That’s not 
to say there haven’t been people in the past, I mean Schumpeter with 
the classic analysis of the importance of technology and innovation, in 
the 1930s and 1940s.20, 21 He ended up as a Professor of Economics at 
Harvard University and he’s the one who argued the classic analysis of 
innovation being a process of ‘creative destruction’, that innovation will 
create and destroy at the same time.22 Then you have other economists 
such William Baumol at Princeton who showed that innovation is the 
cause of all economic growth.23

The problem, I  fear, is that economists don’t spend enough time 
actually understanding what goes on in companies, because companies 
are hugely important to the innovation process. Government is a very 
important player of course; but the companies are hugely important, if 
not the most important player in innovation.

One of the greatest economists, a British economist who understood 
the importance of innovation at a regional level, was Alfred Marshall. 
He spent one day a week going to a different company finding out how 
the company worked, how it made decisions, why it was doing things 
the way it did, and that influenced his understanding of his economic 
model.24

So, I think more appreciation of what actually happens in firms, the 
decisions that companies have to make that balance the choices they 
have to make, the risks they have to take, the organisational realities 
of innovation; these are things which don’t tend to impinge on many 
economists and models which tend to be rather static and simplistic – 
with due apologies to my economist friends.

ML: Mark, we’re discussing the view that economists have held of how 
innovation fits into things and more recently the 2018 Nobel Prize 
for Economics was awarded to Paul Romer, an American economist 
at New York University, for looking more closely than has been done 
before at the technical change factor as a driver of economic growth.25 
But as you say, it is the role of companies and their entrepreneurs first 
and foremost, and businesses in making the investments, taking the risks 
and developing the products that is the key to innovation. In your lat-
est book, The Playful Entrepreneur: How to Adapt and Thrive in an 
Uncertain World (2018),26 is the entrepreneur a Schumpeterian driver 
of creative destruction?
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MD: I’ve been interested in the notion of play that is sometimes considered 
rather frivolous, but I think it’s actually very serious. Play is something 
we do when we’re experimenting, and when we’re exploring new things, 
it’s how we learn and how we learn to adapt. It’s how sometimes we 
express our freedom in life and have fun.27

I wrote a book called Think Play Do (2005),28 which argues that 
innovation is a process of thinking, coming up with an idea and doing 
it; you have to put it into practice for it to be an innovation, but play 
is in connecting, play is the tinkering, the testing, the prototyping and 
so on. I’m really interested in the notion of play. I was collecting lots 
of cases of great entrepreneurs and not just people who start compa-
nies, but entrepreneurs in large organisations or entrepreneurs in gov-
ernment; people who are taking risks, seizing opportunities and being 
entrepreneurial. In the interviews I was interested in, I asked what play 
meant to them and how they used this sort of playful behaviour as an 
attitude of constant exploration, adaptation and learning. Simply put, 
the world is very uncertain and changing, with opportunities emerg-
ing, left, right and centre, and the entrepreneur is the person who takes 
most advantage of that uncertainty and that change that’s happening, 
and so the ability to be playful to learn and adapt, to experiment and 
explore is crucial.

ML: Your book has been described as a ‘pathfinding’. How is the ‘playful 
entrepreneur’ different from the way that business schools and others 
portray entrepreneurs and their role in innovation, and might the differ-
ence lie in the nature of the current wave of digital technology?

MD: Well, yes, I think the technologies provide an opportunity to innovate 
at a smaller scale than in the past. But also, hopefully, this book pro-
vides an antidote to some of the awful prevailing characterisations of 
‘entrepreneurs’. We see in programmes like Shark Tank29 or that dreadful 
programme The Apprentice,30 that Donald Trump used to present where 
it’s ‘dog eat dog’, ‘nature is red in tooth and claw’ and there’s only one 
winner. Where to succeed you’ve got to put other people out of business 
and to get on in your career you’ve got to step on other people’s heads. 
That’s just appalling. It’s not a reflection of the reality of many of the 
entrepreneurs that I’ve studied.

In my experience, they tend to be cooperative, collaborative and sup-
portive of one another. They recognise their own personal shortcomings 
and supplement that by working with people who’ve got complemen-
tary skills, working together to a common shared end. I  think if this 
book has a message and is to make an impact, it is the idea that you can 
be an entrepreneur, a successful entrepreneur, you can make a difference 
and you can make money, you can employ people and change their lives, 
and you can make a difference to your community and your society, 
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while still being and remaining a decent human being. You don’t have to 
kick, stand on anyone’s heads and put them out of business. You know 
that you can be a successful entrepreneur and at the same time retain 
your basic decency and humanity.

ML: Historically in America at least, and probably currently too, most of the 
significant innovations and technology change come out of big corpora-
tions.31 How relevant is a ‘playful’ innovation strategy for such corpora-
tions? Do their large, hierarchical, corporate structures allow them to 
work ‘playfully’, or is what you’re describing only applicable in small, 
flexible innovation start-ups?

MD: I think there’s a big appetite among larger companies to think of alterna-
tive ways of working and how they might emulate some of the condi-
tions of working in small companies, bearing in mind that the majority 
of the workforce are now ‘millennials’ and millennials want to have work 
that’s meaningful, and they want to do work that they enjoy.32

If you have got the digital skills particularly, they’re in very high 
demand, so there’s a high degree of mobility. In order to attract and 
retain talent, large companies have to think in new ways. For exam-
ple, when we came up with the idea of innovation as ‘play’, we – with 
some trepidation – went to talk to the head of one of the world’s largest 
pharmaceutical companies and one of the UK’s and Australia’s largest 
construction companies. These are two of the most hard-headed busi-
ness people I’ve ever met in my life and we went in and told them that 
they needed to ‘play’ more; we expected to be thrown out on our ear. 
But they got it straight away. They understood that when they started 
their careers and the companies that they built were small, there was an 
atmosphere of adventure and exploration and excitement. But as the 
company grew, they lost that by putting in all sorts of processes and 
procedures, and rules and regulations which basically acted as innova-
tion antibodies that kill any new idea.

So I think there is an appetite on the part of large organisations to 
think about ways to transform their workplaces, to make them more 
engaging, more collaborative, more exciting. ‘Play’ is not something 
that resonates with everyone, but certainly it does with some people in 
large organisations who are concerned about how to create a new kind 
of workplace for the future.

ML: We might take some encouragement from what you say Mark, but it 
is true, isn’t it that the current wave of digital technology innovation 
has been basically driven not by large, incumbent corporations but by 
disruptive, small start-ups? The wave of young, Silicon Valley, entrepre-
neurial, garage start-up ‘geeks’ seem almost overnight to have built the 
dominant, biggest companies that the world has ever seen.33, 34, 35 They 
started out with a pretty utopian image, a playful image, one might say, 
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but they had clear visions and missions of wanting to ‘make a difference’. 
Were they representative of your ‘playful entrepreneurs’?

MD: We need to be clear that they did it not on the basis of their own invest-
ments, but on the basis of sustained long-term government investments 
in basic science and a government that was purchasing and prepared to 
be adventurous in their purchasing of equipment. Silicon Valley is often 
talked about as being created by these start-ups but actually, it was very 
much a government-driven phenomenon.36 Government investment 
in R&D, government investment in property, government purchasing, 
educational institutions as well as legal and financial systems supported 
those start-ups.

So these small firms didn’t come up with the science and technol-
ogy themselves. They saw an opportunity that the basic public invest-
ments in research and science had created. They were quicker at doing 
that than some of the large firms, although some of the large ones had 
developed the technologies but didn’t have the processes to be able to 
commercialise it because they were slow and bureaucratic. The smaller 
companies were more nimble and fast moving.

On the question about utopianism, I’m not sure. Some will claim 
some kind of utopianism, and certainly the early progenitors of the 
Internet were very utopian but I  think that many of these companies 
wanted to make a lot of money. Has that ever been different? Bill Gates 
and Mark Zuckerberg wanted to create and build a business and they 
wanted to make a lot of money. And you know that’s fine. But having 
made a lot of money, they then started to think about how they could 
give it away.37

ML: The idea of ‘disruptive’ innovation, technology and change, which is 
such a cliche these days. I think we owe it initially, to Christensen of the 
Harvard Business School with his 1997 book Innovators’ Dilemma: Why 
Do Incumbents Fail?38 What is your take on this concept as a valid way 
of thinking about the process of innovation from the point of view of 
companies, governments and society?

MD: It’s a useful tool. There’s a history of ideas in the domains of innovation 
and management that come out of practicing companies being written 
up by Business School professors and spawning a consulting industry. 
A broader population of companies enthusiastically embrace these ideas 
because they desperately need some help but then they become increas-
ingly disillusioned because all their problems are not solved. These 
things fade away, leaving a little legacy of improvement and that’s some-
thing we’ve seen in a whole range of things. I’d put this whole notion of 
‘disruption’ in that bucket.

There is disruption, but some companies that have been around a 
long time have managed to get through these disruptions, companies 
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like IBM. They’re still going and they faced numerous disruptions with 
various degrees of difficulty. They haven’t always done it very, very well 
but there are a number of companies, Dupont is another one, that have 
faced up to these challenges. But because they’re properly managed, 
because they invest in research and development, because they have 
an external orientation and because they keep an eye on basic science. 
They’re prepared slowly, steadily, but they are prepared to deal with 
these changes, and there is disruption. But the idea that disruption is 
fatal to every incumbent I think is incorrect. With the right management 
you can deal with these waves of technological change, but it involves a 
very high quality and perceptive management style.

ML: The disruptive innovation mantra ‘disrupt or be disrupted’39 is perhaps 
more of an ideology than a theory of how things happen in the world of 
innovation.

MD: It’s a very good marketing term for a consultant trying to scare a 
company.

Conclusion

What matters about innovation is its impact on everyday people’s lives, deliver-
ing a better quality of life and standard of living. Communicating this nexus 
is a public policy challenge and risks sounding esoteric, ivory tower and 
self-interested on the part of innovators.

The digital transformation era gave rise to a ‘productivity paradox’, whereby 
obviously large investments in new technology did not appear to drive signifi-
cant productivity improvements or to be visible in an improved quality of daily 
life. To the contrary, the resulting process of ‘creative destruction’ engendered 
fears in the community about loss of jobs, industries and communities.

Economists have over time come to better understand how technological 
change contributes to productivity and economic growth. Malthusian con-
cerns about the resources and demographic ‘limits to growth’ have been con-
founded.40 They have looked inside the ‘black box’ in their models of the 
process of technological change and innovation. The central role of entre-
preneurs and of the organisation of firms are better understood. ‘Play’-based 
approaches to innovation and creativity emphasise the importance of flexible, 
smaller-scale organisational forms and are particularly attractive to the genera-
tion of ‘millennials’ now making their way in the workforce. Some adroitly 
managed, large, established corporations have been able successfully to ride 
out the wave of ‘creative disruption’ often oversold and overhyped by busi-
ness schools and management consultants. Successful entrepreneurs  – con-
trary to public images of cut-throat, dog-eat-dog mentalities  – operate in 
largely cooperative and collaborative modes. Their success far from the image 
of lone, single-handed ‘genius’ is recognised as building upon important 
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government-led innovation support programmes and wider economic ecosys-
tems of law and finance.  
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Introduction

Economists have traditionally studied and modelled economic growth by 
focusing on two main drivers – capital and labour – most notably in the work 
of Robert Solow,1 for which he was awarded the Nobel Economics prize 
in 1987.2 Neoclassical economics regarded knowledge and technology as a 
‘black box’, ‘residual’ or unexplained driver of growth: something that came 
in from the outside, exogenously, that they didn’t particularly focus on or 
understand.3

In 2018, the Nobel Prize committee awarded the prize for economics to 
Paul Romer, professor at New York University, jointly with William Nord-
haus.4 Romer’s specific citation for the award was for ‘integrating knowl-
edge and technology into long run, global sustainable growth and welfare’.5 
Paul Romer’s contribution, arguably, is that he’s opened up the so-called 
‘black box’ of technology within economic growth so that we can better 
understand just how technology and innovation drive economic growth and 
productivity.6

This is particularly timely because not only are we in the throes of great 
‘disruption’ with the ‘digital technology age’ but from an economic point of 
view, there seems to be a repeat of the earlier ‘productivity paradox’ noted 
in the late 1980s by Nobel Economist Solow that we see the computer age 
everywhere around us but we don’t see it in the productivity and growth 
statistics.7 While productivity subsequently improved, we have more recently 
seen in response to a similar paradox the observation most prominently made 
by economist Robert Gordon that perhaps the economic impact of these new 
generation technologies is of less significance than previous technologies.8
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2012. Kevin is Director of the Centre for Applied Economic Research, and 
his focus is on productivity and prices, and especially how these things are 
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Prime Minister’s Science, Engineering and Innovation Council (PMSEIC).11

The Interview

ML: Kevin, how do you see the contribution of Romer and his work on tech-
nology to the theory and the modelling of economic growth?

KF: It was very large, was widely acknowledged by the award of the Nobel 
Prize in economics and I don’t think it came as a surprise to anyone. 
Before Romer, the basic growth model was the Robert Solow model 
(1956), and in that model you got diminishing returns to capital invest-
ment. Technology was basically a constant, and there are limits to growth 
by just adding more capital. That model predicted that countries’ growth 
performance eventually converges, but Romer observed that wasn’t hap-
pening in practice. Over a 25-year period that he looked at, there were 
some countries which had high average growth rates and some that per-
sistently had very low growth rates. He asked, why is that, what could be 
the cause of that? Maybe some countries are doing things differently that 
are helping them get higher rates of productivity growth than others?

So Romer looked at the role particularly of ideas; research and devel-
opment perhaps facilitated by policies and institutions in countries to see 
if that could explain these differences and economic growth rates driven 
by technological change and productivity. That’s the basic idea: ideas are 
different types of capital, different types of input. It’s not just a matter of 
adding more machines and then running out of operators to push but-
tons; there are some natural limits too.

Growth is a matter not just of more physical capital like machines but 
of ideas that he called ‘non-rival’ and that people can use at the same 
time without diminishing supply. A common example is if one person is 
using Pythagoras’ theorem, another person can use that same theorem 
or idea at the same time without excluding your use. In the case of ‘rival’ 
goods, if someone is using say a particular machine, then someone else 
can’t also be using that machine; they’re not this idea of non-rival goods 
such as ideas where people can use them simultaneously. You introduce 
this into a Solow-type model,12 and it allows you to have what’s known 
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then as ‘endogenous’ growth. So that was Romer’s big contribution that 
has been enormously influential.

ML: In other words, Romer brought technology and knowledge as drivers of 
economic growth explicitly into the conventional Solow model driven 
by capital and labour inputs. What about the classic innovation theory 
of Schumpeter with his focus on the role of the entrepreneur as driv-
ing innovation and growth as the disruptor, and of ‘creative disrup-
tion’ within the capitalist market economy?13, 14 How does Romer’s view 
square with that theory of the entrepreneur as innovator?

KF: That’s a great question. I  should emphasise that an implication of 
Romer’s model is that there is not enough innovation in an economy if 
left simply to market forces. That is, there’s a ‘market failure’ argument 
that the market left alone does not produce enough ideas to be socially 
optimal, but if there was a central planner who could design things opti-
mally, that central planner would want more ideas, produce more R&D, 
and then the market would provide. That’s because there are things 
called ‘spillovers’, and in Romer’s case these are ‘positive spillovers’.15

A lot of this is generated by the fact that people making these new 
ideas and inventions are creating non-rival goods which other people 
can freely use: they provide a positive ‘externality’ that’s not captured 
fully by the person who’s created it. So even if there are patents and peo-
ple are getting paid for it, there is still an externality; because the idea in 
Romer is that if there’s a bigger stock of ideas out there, that’s also going 
to facilitate the creation of more ideas and so you get this situation 
where there’re never quite enough ideas provided, just through market 
forces. So you need some intervention by the government, some policies 
to help support the development of more research and development to 
get closer to the optimal amount of innovation and R&D.

The ‘creative destruction’ idea was raised in a paper shortly after 
Romer’s seminal paper in 1990 by a couple of authors;16 the study by 
Aghion and Howit has similarly been a very influential paper.17 It is not 
in conflict with Romer’s ideas. You can think of how ideas come about 
as being driven by this creative destruction, but with the Aghion and 
Howitt model, the difference is that there can be too much of the wrong 
type of innovation if you like. If so, if the innovation is just producing 
the same goods at lower cost then there’s a negative externality towards 
the existing firms: if you get too much, you can have too much of that 
type of R&D and there can actually be the reverse effect to what you get 
from the Romer model.

ML: Is this the sort of discussion that’s emerging about the so-called monop-
oly and pricing powers of the large digital platforms?18

KF: Not directly, but you raise a very interesting point – that having pat-
ents provides monopoly rents to the innovators. But even if you had 
complete patents and so these innovators were able to capture all the 
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financial rewards from their individual inventions, their inventions still 
add to the overall stock of knowledge and that still provides an exter-
nality. The more ideas in total there are in an economy, the more ideas 
will be additional ideas forthcoming. Patents and monopoly profits to 
innovators such as these new digital companies don’t fully capture the 
benefits, so there’s still a role for government intervention.

ML: Left to its own devices, the marketplace for innovations might fail and 
would lead to an underinvestment in public goods such as research and 
development, in knowledge and in technology, and this might require 
institutional intervention.19 So might it be fair to characterise Schumpet-
er’s theory of innovation,20 focusing on the entrepreneur as being pretty 
much a sort of deus ex machina external factor that pays little attention 
to questions of necessary institutional design and intervention?

KF: I wouldn’t disagree with that. I think you know the Schumpeter way of 
thinking about how innovation comes about is not incongruous with 
Romer’s ideas at all. I don’t think that it’s incongruous with the idea of 
there being a role for the government to play in supporting R&D.

KF: Perhaps we could look at this question of the significance of technology 
and innovation inside this ‘black box’, or within Romer’s model. I’m 
not sure how Romer captures this technology factor as distinct from, 
let’s say, the Solow model that focused on capital and labour. Econo-
mists talk about the impact of technology and innovation as measured 
by what’s called ‘total factor productivity’ (TFP).21

Now, as I’ve said, it seems that through this era of blossoming digital 
technology – in just about every sector and through every home and 
business – we’re not seeing the increases in productivity that seem to be 
required to drive economic growth and wealth. So, is there a problem 
here with measuring the impact of these new digital technologies as 
expressed through total factor productivity?

KF: That’s an extremely good question. It’s something which many of us 
are spending quite a bit of time trying to analyse and work out. You 
mentioned earlier the computer productivity paradox, namely, the pro-
ductivity slowdown that occurred in the 1970s and 1980s in many 
industrialised countries.22

The first computer productivity paradox was in the 1970s and 1980s 
when Robert Solow coined the famous remark that ‘you can see com-
puters everywhere but in the productivity statistics’.23 Then we had a 
boost in productivity in most industrialised countries24 and in the US 
that was put down to finally seeing the benefits of the investment in 
computers, that workplaces had reorganised and learned how to use the 
computers better. When a new technology arrives, perhaps we initially 
don’t know how to use it effectively and it takes some time to invest in 
complementary capital, reorganise our workforce, etc., so that we can 
better use that technology to raise productivity.
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The US also seemed to have a lot of productivity growth in the pro-
duction of high-tech computers which countries like Australia didn’t 
have because we don’t have a large computer-producing sector. But 
at the same time, Australia did have productivity growth around 1994 
through 1996 and onwards into the early 2000s.25 Many countries had 
this sort of ‘upward bubble’ if you like, or productivity growth.

In Australia, this was largely attributed to the benefits of micro-
economic reforms. I  think we’re still debating whether that’s true or 
whether Australia was just the same as other countries which didn’t have 
microeconomic reforms yet had the same boost in productivity at that 
time.26 But also, what’s happened since then, from 2004 onwards, is 
there’s been a productivity slowdown across all industrialised countries 
and these are countries with rather dramatically different industry struc-
tures. Countries with a lot of mineral resources, for example, like Canada 
and Australia, to countries with no mineral resources but large high-tech 
or larger high-tech sectors. It’s not about the industry structure in these 
countries. So, what is it?27

At this very time, we see all this innovation around us – smartphones, 
all sorts of apps – that we’re using freely, and which we feel maybe are 
enhancing our lives and we see the technology in the workplace. We 
have the productivity benefits of that. So, there are a number of theories. 
One is that we’re just not measuring the digital economy.28 A key part 
of productivity is measuring the value of outputs that’s usually done by 
something like GDP.

Now, if we are taking a lot of photographs on our smartphone, we 
haven’t purchased a separate camera anymore. So that transaction has 
disappeared from the national accounts, so it’s disappeared from gross 
domestic product. Taking a photo on film and then taking it to be devel-
oped, etc. There’s a price for that, but every marginal photo we take 
on our smartphone has a zero price. So all that activity that existed 
before and that appeared in GDP has disappeared. At the same time, 
we’re doing more of the activity that we wanted to do, which is tak-
ing photos. So maybe we’re just not measuring things appropriately; we 
need to change the way we think about how we measure free goods, in 
particular, the imputed price for these goods, the consumers’ valuation 
for these goods.

The problem is, even if we try to address a lot of these measurement 
problems, we don’t seem to be able to find enough extra output to get 
productivity up to its previous growth rates. So, it doesn’t seem to be 
entirely a measurement problem. But we’re unsure about what exactly it 
is. Is it that, as some people would have it, we’ve invented all the impor-
tant things? Once we’ve got the combustion engine, we know how to 
fly, we’ve got internal plumbing, all this digital technology. These are 
just nifty little consumer goods which don’t really impact on anything 
significant, so that’s one view put forward by Robert Gordon.29
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ML: As you say – on the one hand – we might not be measuring it and that 
might explain why the productivity and growth are perhaps not showing 
up; even though the technology is everywhere it seems, and increasingly. 
There is, as you’ve mentioned, Professor Robert Gordon at Northwest-
ern Uni, who’s run a very strong line, and many others have picked up 
on it that the technology today is just not as impressive as we think, and 
certainly not giving us the benefits of previous waves of technological 
change in electricity, steam power, etc. What do you feel is the substance 
of that argument?

KF: We can look back at cases through history such as the diffusion of elec-
tricity and personal computers, and how they had a delayed impact on 
productivity. One argument, particularly put forward by one of my 
co-authors, Eric Brynjolfsson at MIT, is that we’re on the cusp of a 
remarkable new era of growth and we are still trying to work out how 
to best use these technologies so that we can enjoy the new levels of 
growth.30

I’m more of an optimist that that’s what we’re going to see and many 
economic historians seem to hold that view as well. As for the previous 
computer paradox, an example was given about the diffusion of elec-
tricity: If you had a water wheel powering your factory and an electric-
ity grid suddenly appears, you don’t turn off your water wheel because 
you’ve got a free source of energy coming from that. What happens is 
that the factory depreciates, wears out over time, and when it comes 
time to build a new factory, you don’t have to build it next to the river. 
You can build it in the centre or closer to the centre of the city, closer 
to your labour market; you can plug into the electricity grid and don’t 
need to build a water wheel anymore, so that it takes a while, right? Peo-
ple don’t suddenly switch off old technologies just because a new one 
appears. There’s a delay in diffusion.

ML: So there has always been a lag, hasn’t there, in the diffusion and adop-
tion and the showing up of economic impact of a technology wave. Is 
the implication of what you and your colleague Bryjnjolfsson are saying 
is that there’s something essentially different about the nature of this 
particular wave of digital technology transformation that is making these 
lags longer or more complex? Or what’s the underlying position here?

KF: I  can’t speak for Eric, but I  would say that it’s definitely more com-
plex now. There’s a lot of uncertainty in our companies and individuals. 
They’re not sure which technology to adopt. There’s so much chang-
ing so rapidly. In my own work I know, choosing a laptop and choos-
ing software to use can be very confusing and sometimes we make 
the wrong choices and our productivity goes down temporarily when 
you think it should be going up because of all these wonderful new 
productivity-enhancing tools. It could be the fact that there’s such rapid 
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change, that it’s taking companies and individuals a bit longer to work 
out the most effective way to utilise those.

ML: Yes, these new digital technologies are likely to take a lifetime to reor-
ganise around, and I  guess what we see is the disruption of existing 
industries and market structures and corporations as they try to trans-
form the nature of their businesses and their business models with all 
that implies about how businesses are to be run in this new era. Those 
fundamental business models need to change. This all seems to be add-
ing up, and suggesting that the way that we’ve thought about technol-
ogy and innovation is perhaps changing very much in itself.

The traditional model of innovation was fairly straightforward, 
particularly as a guide to policy formulation. It was basically a linear, 
supply-driven model: invest in basic research, move through applied 
research and development, into production and through diffusion and 
adoption in the economy. This was a popular view in the post-war years 
and well into the 1960s and 1970s.31 But is there something different, 
complex, iterative and adaptive going on with digital innovation?

KF: Well, that’s a big question. I don’t know if I have a ready answer. I think 
that where there are a lot of positive externalities, and possibly also 
negative externalities  – negative externalities being things like simply 
confusion about what to invest in or investing heavily in the wrong 
technology – and having to backtrack on that and invest again. So that 
we don’t get much insight with our typically puny models about what 
exactly is happening with the investment decisions at the firm level, and 
how effectively those decisions are being made. I don’t think we have 
too much insight at this stage as to whether processes are changing, 
but certainly the role of externalities I  think is becoming much more 
important.

ML: You mentioned early in the piece the idea of ‘decreasing returns’ to capi-
tal and labour investment. Maybe investment in current digital technol-
ogy, knowledge and transformation is very much what might be called 
an ’increasing returns’ phenomenon thereby fundamentally changing 
the nature of innovation. Did Romer himself measure, model and esti-
mate ‘total factor productivity’ or come up with some new measure? 
Where are we at with measuring this technology factor of production in 
any statistical sense?

KF: Romer himself did not work on the measurement of total factor produc-
tivity. His work was more about being motivated by empirical facts to 
try and work out improvements to the standard growth model. And that 
was very valuable in terms of measuring TFP. Some of us are working on 
that very problem. It’s still an extremely valuable concept. I think that 
the Australian Bureau of Statistics (ABS) does a great job in measur-
ing productivity. They have annual productivity statistics by industry.32 
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There’s interest and work going on around firm-level productivity as 
well given new datasets that are now becoming available. There’s a lot of 
activity in this area, and I hope that we’ll know more about the drivers 
of productivity and economic growth in the years to come.

One additional point I would like to mention is that new technolo-
gies can actually lead to ‘stranded’ capital assets whereby firms are left 
holding capital or too many of certain types of capital given the new 
technologies.33 They can’t get rid of that capital quickly and easily often. 
Say there’s innovation in the accommodation sector. It is hard to get rid 
of just one corridor of rooms. For example, in the hotel, they have to 
wait until the hotel fully depreciates, and then move to new premises. 
There are these lags and adjustments and that could be a significant part 
of what is going wrong with the measured productivity growth.

In terms of policy and the role of the government, I should emphasise 
that this does not imply that an R&D tax incentive scheme is optimal 
by any means; it just says that there is potentially a role for government 
intervention to address the market failure. That could be investing, for 
example, in universities in Australia rather than investing in business 
research. I’m not making a case for more funding for business R&D 
support.

Conclusion

Economic theories of the drivers of economic growth that have traditionally 
focused on returns to increased inputs of capital and labour have been unable 
to account for increased productivity through technological innovation, gen-
erally treating ‘total factor productivity’ as an endogenous, residual driver and 
technology as a ‘black box’.

More recently, further light has been shed on the importance of technol-
ogy within traditional growth models with attention to factors such as the role 
of human capital, the adaptability of business organisations and the influence 
of government policies and institutions. It is now also more clearly under-
stood that digital technology delivers ‘increasing returns’ to scale in contrast 
to decreasing scale economies in capital and labour drivers. Nevertheless, 
the measurement of these technological factors bearing on productivity has 
proved elusive and their accounting and incorporation into macroeconomic 
statistics such as GDP are a work in progress.

This work has been made more challenging in the digital technology era 
with the emergence of conventional economic growth models and statistics 
of a ‘productivity paradox’ wherein the products and services resulting from 
investments in new disruptive digital technologies are highly visible in business 
and daily lives but with little or no measurable impact or improvement in pro-
ductivity or growth. This has led to a fundamental questioning of the value or 
otherwise of this wave of digital technologies by comparison to highly impact-
ful previous waves of technological change, while others explore a range of 
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explanations for the paradox. Possible reasons include delays in diffusion due 
to the inherent complexity and rapid rate of change in digital technologies, 
the restraining effect of ‘stranded asset’ investments, and the need for complex 
reorganisation of workforces and business models.

The difficulty of the search for definitive answers is compounded by the 
challenges of measuring the impact or ‘imputed value’ of these innovations 
given their non-rival character in consumption and their close to zero marginal 
cost and hence price of delivery. Ironically, new technology is also making it 
easier to generate and collect detailed data on productivity performance in 
the economy, which means we are likely to get a better handle on measuring 
productivity impacts.

Notes
 1 Solow, R. (1956) A contribution to the theory of economic growth, The Quarterly 

Journal of Economics, 70 (1): 65–94
 2 Nobel Prize (1987) The Nobel Prize in Economic Sciences: Robert M. Solow www.

nobelprize.org/prizes/economic-sciences/1987/solow/facts/
 3 Rosenberg, N. (1994) Exploring the Black Box: Technology, Economics, and History, 

Cambridge: Cambridge University Press
 4 Nordhaus, W.D. and Romer, P.M. (2018) Economic Growth, Technological Change, 

and Climate Change, A Scientific Background on the Nobel Prize in Economic  
Sciences, 8th October www.nobelprize.org/uploads/2018/10/advanced-economic 
sciencesprize2018.pdf

 5 Nobel Prize (2018) The Prize in Economic Sciences 2018 – Popular Information 
www.nobelprize.org/prizes/economic-sciences/2018/popular-information/

 6 Romer, P. (1990) Endogenous technological change, The Journal of Political Economy,  
98 (5): 571–602

 7 Rotman, D. (2018) The productivity paradox: Why brilliant AI technologies 
are not leading to widespread growth and prosperity, MIT Technology Review,  
18th June www.technologyreview.com/2018/06/18/104277/the-productivity- 
paradox/

 8 Gordon, R.J. (2000) Does the new economy measure up to the great inventions of 
the past? Journal of Economic Perspectives, 14 (4): 49–74

 9 Diewert, W.E. and Fox, K.J. (2019) Productivity indexes and national statistics: 
Theory, methods and challenges, in ten Raa, T. and Greene, W.H. (eds) The Pal-
grave Handbook of Economic Performance Analysis, pp.  707–759, London: Pal-
grave Macmillan

 10 Australian Council of Learned Academies (ACOLA) (2014) The Role of Sci-
ence, Research and Technology in Lifting Australian Productivity, Securing Aus-
tralia’s Future #4, Expert Working Group, June https://acola.org/wp-content/
uploads/2018/08/saf04-lifting-australian-productivity-report.pdf

 11 Professor, Kevin J. Fox, UNSW https://research.unsw.edu.au/people/
professor-kevin-j-fox

 12 Solow (1956), op cit
 13 Schumpeter, J.A. (1934) The Theory of Economic Development: An Inquiry Into 

Profits, Capital, Credit, Interest, and the Business Cycle, Piscataway, NJ: Transaction 
Publishers

 14 Schumpeter, J.A. (1942) Capitalism, Socialism and Democracy, New York: Harper
 15 Romer, P. (1990) Endogenous technological change, The Journal of Political Econ-

omy, 98 (5): 571–602

http://www.nobelprize.org/prizes/economic-sciences/1987/solow/facts/
http://www.nobelprize.org/prizes/economic-sciences/1987/solow/facts/
http://www.nobelprize.org/uploads/2018/10/advanced-economicsciencesprize2018.pdf
http://www.nobelprize.org/uploads/2018/10/advanced-economicsciencesprize2018.pdf
http://www.nobelprize.org/prizes/economic-sciences/2018/popular-information/
http://www.technologyreview.com/2018/06/18/104277/the-productivity-paradox/
http://www.technologyreview.com/2018/06/18/104277/the-productivity-paradox/
https://acola.org/wp-content/uploads/2018/08/saf04-lifting-australian-productivity-report.pdf
https://acola.org/wp-content/uploads/2018/08/saf04-lifting-australian-productivity-report.pdf
https://research.unsw.edu.au/people/professor-kevin-j-fox
https://research.unsw.edu.au/people/professor-kevin-j-fox


The Delayed Growth Impact of Disruptive Digital Technologies 31

 16 See Aghion, P., Antonin, C. and Bunel, S. (2021) The Power of Creative Destruc-
tion: Economic Upheavals and the Wealth of Nations, Boston: Belknap Harvard Press

 17 Aghion, P. and Howitt, P. (1992) A model of growth through creative destruction, 
Econometrica, 60 (2): 323–351

 18 McIntosh, D. (2019) We need to talk about data: How digital monopolies arise and why 
they have power and influence, Journal of Technology Law & Policy, 28 (2): 185–121  
https://scholarship.law.ufl.edu/cgi/viewcontent.cgi?article=1188&context=jtlp

 19 Bryan, K.A. and Williams, H.L. (2021) Innovation: Market Failures and Public 
Policies, NBER Working Papers, No. 29173, Cambridge MA: National Bureau of 
Economic Research

 20 Schumpeter (1934), op cit
 21 Maudos, J., Pastor, J.M. and Serrano, L. (1999) Total factor productivity measure-

ment and human capital in OECD countries, Economics Letters, 63 (1): 39–44
 22 Erber, G., Fritsche, U. and Harms, P.C. (2017) The global productivity slowdown: 

Diagnosis, causes and remedies, Intereconomics, 52 (1): 45–50
 23 Krishnan, M., Mischke, J. and Reemes, J. (2018) Is the Solow paradox back: 

Digitization isn’t stimulating productivity growth  – yet? McKinsey Quarterly,  
4th June www.mckinsey.com/capabilities/mckinsey-digital/our-insights/is-the- 
solow-paradox-back

 24 Erber et al (2017), op cit
 25 Productivity Commission (2020) Australia’s Long Term Productivity Experience,  

Productivity Insights, Canberra https://www.pc.gov.au/ongoing/productivity- 
insights/long-term/productivity-insights-2020-long-term.pdf

 26 Ibid
 27 Productivity Commission (2020) PC Productivity Insights: Australia’s Long Term  

Productivity Experience, Canberra, November www.pc.gov.au/ongoing/produc 
tivity-insights/long-term/productivity-insights-2020-long-term.pdf

 28 International Monetary Fund (IMF) (2018) Measuring the Digital Economy, 
Washington: IMF, 28th February www.imf.org/-/media/Files/Publications/PP/
2018/022818MeasuringDigitalEconomy.ashx

 29 Gordon (2000), op cit
 30 Brynjolfsson, E., Collis, A., Diewert, W.E., Eggers, F. and Fox, K.J. (2020) Meas-

uring the impact of free goods on real household consumption, AEA Papers and 
Proceedings, 110: 25–30 www.aeaweb.org/articles?id=10.1257/pandp.20201054

 31 Godin, B. (2006) The linear model of innovation: The historical construction of an 
analytical framework, Science, Technology, and Human Values, 31 (6): 639–667

 32 Rotman (2018), op cit
 33 Green, J. and Newman, P. (2016) Disruptive Innovation, stranded assets and fore-

casting: The rise and rise of renewable energy, Journal of Sustainable Finance & 
Investment, 7 (2): 169–187

https://scholarship.law.ufl.edu/cgi/viewcontent.cgi?article=1188&context=jtlp
http://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/is-the-solow-paradox-back
http://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/is-the-solow-paradox-back
https://www.pc.gov.au/ongoing/productivity-insights/long-term/productivity-insights-2020-long-term.pdf
https://www.pc.gov.au/ongoing/productivity-insights/long-term/productivity-insights-2020-long-term.pdf
http://www.pc.gov.au/ongoing/productivity-insights/long-term/productivity-insights-2020-long-term.pdf
http://www.pc.gov.au/ongoing/productivity-insights/long-term/productivity-insights-2020-long-term.pdf
http://www.imf.org/-/media/Files/Publications/PP/2018/022818MeasuringDigitalEconomy.ashx
http://www.imf.org/-/media/Files/Publications/PP/2018/022818MeasuringDigitalEconomy.ashx
http://www.aeaweb.org/articles?id=10.1257/pandp.20201054


DOI: 10.4324/9781003280316-5
This chapter has been made available under a CC-BY-NC-ND 4.0 license.

Introduction

What is the role of entrepreneurs in the innovation system of a country? What 
sort of people become entrepreneurs and what sort of business strategies do 
they adopt? In particular, Silicon Valley ‘garage’ start-ups have been the new 
wave of entrepreneurial change agents at the heart of the digital innovation 
process; and it’s their vision, and their passion and commitment that builds the 
bridges between the opportunities of new technologies and markets, and their 
commercial realisation involving risk taking.1

It seems that in this age of digital technologies we have a wide range of new 
and, perhaps, different opportunities for start-ups; with perhaps different, and 
even lower, ‘barriers to entry’2 facing the new breed of young entrepreneurs 
to innovate successfully. Some have even argued that there has never been a 
better time for entrepreneurs, start-ups and the innovation process.3

Keywords: BAAD; barriers to entry; competition policy; corporate strat-
egy; digital platforms; economic rent; entrepreneurs, increasing returns; inno-
vation; leadership vision; lean start-ups; market risk; monetisation; monopoly; 
personal data; producers’ surplus; SDG9; Silicon Valley; start-ups

Interviewee Profile

Dr. Nicholas Gruen (NG) is a policy economist, an entrepreneur and a com-
mentator with particular expertise in innovation in the digital technology era. 
Nicholas is widely published and writes regular columns and essays, including 
for leading newspapers such as the Financial Review, The Age and the Sydney 
Morning Herald. He is the founder and CEO of Lateral Economics, a visiting 
professor at King’s College London, Policy Institute and Adjunct Professor at 
UTS Business School.

Nicholas has also had a long career of being directly involved in digital 
start-ups as an entrepreneur, as a board member and as Chair with the success-
ful San Francisco based, data analytics crowdsourcing platform called kaggle.
com. On the policy side, he has been an adviser to governments and cabinet 
ministers and has chaired the Australian Centre of Social Innovation. He’s 
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been involved with Innovation Australia, the Government 2.0 Taskforce, 
and he was a member of the major review of Australia’s Innovation System.  
Dr. Gruen’s formal background is in economics with a PhD from ANU and a 
law degree.4

The Interview

ML: Nicholas, what is your perspective on the role of new entrepreneurs and 
start-ups as change agents in the digital technology era?

NG: Well, it’s really remarkable that even in the United States, where large 
firms have made innovation their business, with substantial investments 
in research and development – I’m thinking of companies like GE or 
IBM – that none of the big IT innovations came out of those firms. 
Now, in a sense you could say, for instance, that the ‘graphical user 
interface’ (GUI) innovation which Steve Jobs picked up from the Palo 
Alto Research Center (PARC) in Hewlett-Packard was done – not by 
some individual entrepreneur – but by entrepreneurial types within an 
existing company; its actual commercial realisation which would have 
seemed to many people in the industry as kind of cute but ho hum, was 
in fact a massively important innovation that was perpetrated by a brand 
new company. It was a company that started in a garage and this is true 
of every major digital innovation.5

There would have been far more money in IBM, GE, Honeywell and 
any number of dominant IT companies trying to find the next big thing; 
and every single next big thing was seized by a couple of kids.

ML: As you say, that is really quite a remarkable change in the profile of 
where innovation conventionally has come from, namely, the big cor-
porations. What we seem to be seeing is the rise of celebrity stars and 
entrepreneurial leaders of the emerging, big new technology companies: 
Gates at Microsoft, Bezos at Amazon, Jobs at Apple and Zuckerberg at 
Facebook.

Impressively, they also took their garage start-ups to unprecedented 
global corporate leadership and valuations, and astonishing personal 
wealth in what has to be a record time: through the whole cycle of 
innovation.6 Beyond that, too, they’ve become modern ‘heroes’ for the 
current generation of digital entrepreneurs. A big majority of millen-
nials around the world, according to a Deloitte survey, want to join or 
establish a start-up venture as their preferred career choice.7 Even in the 
Sydney Morning Herald, articles are being run, ‘your child wants to be 
an entrepreneur’.8 So, what is going on here?

NG: One thing I  wanted to reflect on with the observations I  just made 
about how each one of these big new innovations was from a start-up, 
was a converse observation which is to look at how dreary, and miserable 
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life in these big companies is now. Yes, you get well paid, you get well 
looked after, but if you’ve got some get up and go, you will be killed off.

Now there’s a book, in fact, it’s a real pity it’s a book. It’s one of those 
books that was an article and was turned into a book and it should never 
have happened because all of the information you need is in the article. 
Some listeners will be familiar with the term the ‘Innovator’s Dilemma’,9 
written intriguingly by a Mormon professor of management at Har-
vard, Clayton Christensen, in which he coined the expression ‘disruptive 
innovation’. He showed that this pattern that I talked about of innova-
tion which disrupts and, in many cases, simply ‘blows up’ the competi-
tors and competing operations; for instance, Google blew up Alta Vista, 
HotBot and all the search engines of the time. He shows that in quite 
mundane things where there was technical progress, it’s very common 
for a disruptive innovation to be incubated, not within the dominant 
companies which in principle have all the money to develop the new 
innovations, but within much more impecunious, much smaller, less 
rich start-ups.

The reason for this is, as Christensen suggests, that disruptive inno-
vations typically are worse than the products and the technologies that 
they may disrupt. They’re worse for a long period of time during which 
the start-up applies its ingenuity, its perseverance and its imaginative 
organisational capability to make it better.

The examples he uses are backhoes; the difference between backhoes 
driven by pulleys and cables, and backhoes driven by hydraulics is not 
that the companies that were dominant in mining and various industrial 
applications – who had all the money and profits to invest in R&D of 
hydraulic backhoes – didn’t do that because when there were investing 
in projects within those companies, all the accountants would turn up 
and saying not making enough money on this, so we’re going to kill 
it off.

It happened also in disk drives. He documents how all companies 
that ended up dominant in 3.5-inch floppy disks were new companies 
and they drove out of business all the companies making five-inch floppy 
disks a decade or five years before. How silly can you be if you’re got 
a dominant market in five-inch disk drives that you don’t have a good 
handle on and good research and development in this other market, 
which is less profitable but turns out to wipe you out, and that pattern 
repeats again and again.

Now, those examples are of high fixed costs areas where again incum-
bent firms – because there are large costs – you would expect the incum-
bent firms to have a bigger advantage but in IT digital technologies often 
the costs of these technologies are quite low. One of the main things 
that happen, if you look at say Facebook versus MySpace, for instance, 
is that Rupert Murdoch buys Myspace, he’s got a lot more money than 
little old Mark Zuckerberg. Sounds funny now, but Mark Zuckerberg 
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has got a vision for what this new technology can do socially, commer-
cially and so on, which is what matters.10 The Murdoch company is just 
thinking about how to put ads on this thing and optimise the amount of 
money it has invested there.

ML: Yes, that’s a very different approach, driven by the new technology and 
those big corporations are pretty boring environments for most young 
people to contemplate. We have this ragtag group of young hack-
ers, geniuses and geeks rather than those traditional big, well-funded, 
R&D-based corporations that have been making the breaks in this dis-
ruptive digital tech-based era.

You mentioned ‘vision’ and it seems to me this new breed of entre-
preneurs is often seen as ‘missionary’ rather than ‘mercenary’; they like 
to portray themselves as having a missionary purpose where they want 
to ‘make a real difference’. They talk endlessly about making an ‘impact’ 
for the good of everyone and society.11

And their business strategies are actually quite different too. They 
tend not to operate by conventional business strategy approaches as per, 
say, Michael Porter’s competitive structure and competitiveness.12 They 
rather seem to weave ‘stories’ around what they’re trying to do, and 
narratives that try to capture what they think is the essence of turning a 
mess of information and inventing big businesses out of their tidy sto-
ries, like Amazon.13 They seem to build this, as I think you’re saying, on 
the new technology base.

They are ‘platforms’ that people can access as start-ups from compa-
nies such as Amazon, Microsoft, Google, Oracle.14 Each of those has a 
different basic paradigm of governance. So, it is a very different environ-
ment but it’s also a bit of a random environment too in that it doesn’t 
seem to me as structured from a corporate strategy point of view.

So, I wonder what you think about these interrelated roles of entre-
preneurial vision, strategy and platforms as making things different and 
easier in the digital age for young start-up entrepreneurs to develop 
businesses.

NG: Well, let’s go back a bit. I’m not sure about strategy. I think that there’s 
only so much you can do to systematise something like strategy. I’ve 
written on strategy. I  think an awful lot of strategy, for instance, the 
strategy retreats that one endlessly goes on in existing companies are 
a kind of anti-thinking. As for Michael Porter or anybody else, trying 
to generalise about how companies do strategy and should do strategy, 
I wouldn’t get too excited. If I was trying to work out how to do strat-
egy, I wouldn’t be reading Michael Porter.

I’ve read about Jeff Bezos and he doesn’t have any time for reading 
management books. He’s hard driving, has a background vision, has a 
few basic ideas and he pushes as hard as he can on those ideas. Ideas 
like ‘disagree and commit’ but he’s actually trying to encourage people 
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to disagree with each other in a forceful but ultimately constructive 
way so that the best ideas can emerge. How many large corporations 
do you know which genuinely encourage other than some big blow-
hard at the beginning of the session saying everybody should be free 
to express their opinion? Give me a break. If you express a different 
opinion and express it strongly in most established corporations, you’ll 
wreck your life.

So, a lot of these entrepreneurial people are quite loose with ‘strat-
egy’. Their strategy often focuses on very specific guiding ideas that they 
have. I love Warren Buffett who is a unique kind of entrepreneur. He 
says he’s not very innovative: his job is to manage capital and to back 
people who will be innovative. Warren Buffett writes extremely amus-
ing and very insightful letters to his shareholders every year before the 
annual meeting, the Woodstock for capitalists.15, 16

One year, I think it’s quite a long time ago. I’ve committed the words 
more or less to memory, where he says, I regretfully inform shareholders 
that your chairman, that’s him, has made more than his usual number 
of colossal blunders this year. The company is, however, prospering well 
and we do have one enduring advantage over most other firms. We have 
no strategic plan.17

ML: Part of what seems to be going on here, Nicholas, is that more for-
mal structures of strategy are abandoned with the new technologies and 
entrepreneurial approaches to innovation, and there’s a certain random-
ness in the shape and directions in which they go. One of the issues 
that this gives rise to is the legitimacy of what these people are doing, 
because we’re increasingly seeing questions asked about how these tech 
companies are behaving.18

It seemed in the early eras of industrial innovation it was turned very 
purposefully to social, comprehensive and politically inflected ends, a 
community of purpose. Then we had the industrial era of efficiency and 
competitiveness during the hot and Cold War eras governing corporate 
strategies. This was followed by the iconoclastic idea of the 1960s about 
technology and social purpose,19 and post the 1960s and entrepreneurial 
idealism; it was like an outsider’s view of technology and these current 
digital entrepreneurs seem to have picked up on some of that dreamy 
sentimentalisation, a new corporate idealism where they want to have a 
social impact and change the world for the better.

What motivates them?20 Is it the money, the power, the desire to 
change the world? Because they’re already running into trouble with 
some of that, aren’t they, in terms of public responses to what they’re 
doing and how they’re behaving?21

NG: I can’t give you the answer to that. I don’t know whether they can give 
you the answer to that. The most successful entrepreneurs are cer-
tainly not motivated only by money: no great entrepreneur has ever got 



Entrepreneurs and Start-ups in the Digital Age 37

anywhere by sitting in their room and thinking how do I make more 
money? You can call it idealistic but I’m not really fond of this dis-
tinction between self-seeking and idealism, and most of our lives pass 
between those two extremes.

So somebody like Steve Jobs or Larry Page and Sergey Brin they’re 
motivated by the ‘aesthetics’ of what they’re doing, if I can use that term. 
Larry and Sergey were very proud of BackRub, the algorithm that they 
developed and offered to sell to Yahoo for $1,000,000 which was the 
foundation of Google Technology for generating better search results.22 
They got fonder and fonder of making money over time, as they made 
more, but they didn’t have any ads on their sites for the first year and 
they didn’t like ads. Now they’re running a juggernaut where they’re 
thinking a lot about making money, but at the same time they’re trying 
to have moonshots. They’re really captivated by doing amazing things 
and also by making a lot of money.

ML: Let’s go along with what you say that they’re driven as much by an 
‘aesthetic’ sense, which I kind of like. That aesthetic sense is pretty free 
to roam over a pretty wide canvas with the new technologies as we’re 
seeing, and yet it is striking to me that at this point we have cover stories 
being written in the Economist and elsewhere, where Google, Amazon 
and Facebook, all these big ‘aesthetically driven’ companies, maybe with 
some sort of idealism in mind, are accused of being BAAD,23 namely, 
big, anticompetitive and addictive, and destructive to democracy. Its 
implications for competition policy are already starting to emerge, let 
alone on the privacy side, and the taxpaying side. We seem to be going 
through a bit of a reaction to this ‘aesthetic’, and an ‘idealistic’ motiva-
tion, or not?

NG: No, we’re going through reaction to what’s happened. The problem 
is that Facebook has become a ‘vector’, it provides a kind of Petri dish 
for all kinds of horrible things to live and thrive, and that wasn’t a par-
ticular preference of Mark Zuckerberg or Facebook, but making money 
certainly was. I wouldn’t accuse Facebook of being idealistic in a simple 
sense. Facebook’s always had an aesthetic of what it was doing but mak-
ing money is a huge driver at Facebook and they have been really quite 
like Bill Gates in Microsoft in putting that so far at the top of their pri-
orities that they’ve run into a lot of flack now.

Gates is on record recently in media reports as ‘Gates warns Zuck-
erberg and Google’.24 Whether he did that or not, I don’t know, but he 
reflected on the fact that he thought Microsoft overreached and ended 
up being tangled up in legal skirmishes, particularly in the EU ever since 
they ran Netscape out of business. But the problem is that in the case of 
Microsoft, it’s not that hard for competition policy authorities to work 
out a remedy so they can start instructing Microsoft to not package 
Explorer in a way that is detrimental to Netscape and various other kinds 
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of things. It’s quite unclear, however, what the appropriate competition 
policy measure is for a product like AdWord that is an auction among 
people who want to advertise on Google.25 It basically collects in theory 
all of the ‘producer surplus’, meaning basically, that it gets the most 
money that the monopolist can possibly get.

That isn’t harming efficiency because anybody who wants to advertise 
on Google can. It’s just a mechanism for creaming off a vast amount 
of ‘rent’ from Google. The point is that this is a constrained space. 
The constrained space is eyeballs; given we only might do two or three 
Google searches a day and there’s only a certain amount of space, and 
there’s nothing that’s a competition issue; it’s quite hard to think of 
things that the authorities can rule and regulate.

ML: I want to ask you about the technology base and approaches of these 
new start-ups, and particularly the idea of the ‘lean start-up’,26 product 
development philosophy and methodology, which seems to be built on 
new digital technology that gets rid of the cloud of uncertainty around 
innovation. On the one hand, it seems to reduce market risk. Market 
risk arises because businesses can’t really conceptualise, design and pro-
duce a product before they’ve correctly gauged the market. But the lean 
start-up approach built on technology deconstructs that high market 
risk into a plethora of low-stake gambles that you can test in real time 
on real-world customer: you do experiments, you can do it quickly, inex-
pensively and you can turn yourself around quickly on a dime and reori-
ent to the market. Now that’s totally reduced the market risk and surely 
that explains to a degree the proliferation of digital start-ups?

NG: Yes, absolutely. The simple bit of economic jargon is that’ barriers 
to entry’ have fallen very substantially. In the 1950s, for example, 
Elon Musk would not have been able to start-up a new car company 
because it required a vast amount of capital but now the market is suf-
ficiently disaggregated and competitive that he can source say, brakes, 
and he can source lithium batteries, although he builds those now, 
and so on. And that’s in a very expensive ‘capital intensive’ industry. 
But also, thanks to digital developments like Amazon Web Services27 
and so on, the digital platforms and online business services, and the 
ability to buy server capacity off the market, not by investing tens 
or hundreds of thousands or millions of dollars in servers yourself, 
you can launch new things, find out what works, what doesn’t work; 
your entire business as a ‘lean start-up’ can be thought of as a sort 
of experimental spaceship in the market where you just go into the 
market able to test reactions, test things and gradually move towards 
success, at low cost and risk.

ML: Thank you, Nicholas. ‘Barriers to entry’ seem to have fallen in the face 
of these new digital technologies. It’s not only the ‘deconstruction’ or 
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‘dis-intermediation’ of industry ‘value chains’, and ‘digital platforms’ 
and online business services, but it is also the digital ‘open-source’ soft-
ware that’s accessible and available. And, of course, the vast opportuni-
ties of ‘big data’ and data ‘algorithms’, all of which seem to open up a 
whole new accessible era of entrepreneurship and innovation in all sorts 
of directions and disciplines.

Conclusion

Entrepreneurs in the ‘digital technology age’ appeared as a ‘new breed’. Their 
origins, characteristics, motivations and start-up business model paradigms 
stand apart from the dominant enterprises and their incumbent corporate 
executives’ enterprises. The tech ‘geek’ garage start-ups of Silicon Valley dis-
rupted the big corporate ‘incumbents’ who though successfully invested in 
research, development and technology fell to the ‘innovator’s dilemma’ of 
sticking with the technology they knew well.

Traditional approaches to corporate competitiveness strategies were 
replaced by visionary, often idealistic leadership, missionary rather than mon-
etary, communicated by way of compelling stories and narratives, loose with 
strategy but rooted in ‘ideas’, and tied to benign social outcomes like ‘free 
information’ and ‘making a difference’. Many believed that there was never a 
better time to be an entrepreneur.

The process of ‘digital disruption’ was enabled by considerably lower bar-
riers to entry of new tech players, including being able subsequently to build 
upon digital platforms, and big data algorithms, that required less capital to 
tap into as flexible ‘services’ in place of fixed ‘infrastructure’ and ‘assets’ to 
get going. The digital technology enabled the adoption of more flexible ‘lean 
start-up’ strategies based on rapidly repeated experimentation and learning 
that reduced ‘market risk’. They adopted organisational forms, governance 
and cultures that have made them attractive ‘models’ and ‘heroes’ for new 
generations of youth who aspired to form or to join start-up ventures rather 
than become employees in large corporations.

The digital tech companies grew more rapidly than any previous genera-
tion of corporations reaching trillion-dollar valuations in unprecedented short 
order, exploiting the increasing scale economies of digital technology. The big 
tech paradigm form was the ‘digital platform’ with its seemingly uncontrol-
lable ‘market power’. Their arguably ‘visionary’ and ‘idealistic’ initial moti-
vations were perhaps inevitably overtaken by a ‘winner takes all’ culture of 
monopolistic, anticompetitive behaviour that has increasingly raised social 
concerns about the ways in which their customers rights, data and privacy 
were being set aside in favour of their ‘commoditisation’ and ‘monetisation’, 
as well as concerns about their ability to lessen competition and ultimately 
innovation in the digital marketplace. The ‘disruptive’ start-up entrepreneurs 
have become the incumbent corporate ‘titans’.
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Introduction

The coming of 2021 saw the end of a very difficult and tumultuous year glob-
ally in 2020. It also saw the incoming Biden Administration in the United 
States of America confront the ongoing COVID-19 pandemic, climate change 
looming ever larger and many other issues, including particularly the geo-
political challenges posed by the arrival of China as a leading world power.1 
This time of crisis poses new strategic challenges to science, technology and 
innovation; and to America’s historic global leadership in innovation capacity 
and competitiveness.

Keywords: cold war; crisis; disruptive innovation; endless frontier; entre-
preneurs; financialisation; innovation ecosystem; lead adopter; leadership; 
mission oriented; national innovation system (NIS); offshoring; outsourcing; 
policy coordination; SDG9; SDG16; SDG17; semiconductors; strategic com-
petition; tame problems; wicked problems

Interviewee Profile

Dr. Robert Atkinson (RA) is the founder and president of the Information 
Technology and Innovation Foundation (ITIF), in Washington, DC.2 He’s 
been described by the media in America, on which he appears frequently, as 
a ‘tech titan’3 and as one of the three most important thinkers about innova-
tion in America. Dr. Atkinson’s influential involvement over the decades in 
innovation policy is as an economist. He has been an advisor on innovation to 
the teams and administrations of Presidents Clinton, Bush, Obama and, with 
incoming President, Biden. He has written many books and reports4, 5, 6, 7 and 
is a highly sought-after public speaker and commentator.

The Interview

ML: Robert, what a moment for us to be talking about innovation from 
an American perspective. What is innovation and why is it particularly 
important to America at this time?

5 National Innovation and 
Competitiveness in the  
United States
At a Strategic ‘Tipping Point’

Interview With Dr. Robert Atkinson

https://doi.org/10.4324/9781003280316-6


National Innovation and Competitiveness in the United States 43

RA: Innovation is oftentimes too narrowly defined as scientific discovery, 
or maybe the development of some kind of new iPhone 14 or 20, or 
whatever we’re going to get next. Yet innovation is broader than that. 
I would define it as the development of new technologies and then the 
business models and organisation models that go along with that, as 
those technologies are spread throughout society, whether on the pro-
duction side of new industries or reorganised industries, or on the con-
sumer side of how we live our lives.

ML: There has been a tendency among those involved with innovation, eco-
nomics and policy, certainly historically, to think of innovation as a ‘lin-
ear process’8 where at the front end you push a bit of time and money 
into research, and research and development, and that somehow moves 
through a pipeline and funnels all sorts of products and good things 
for society in a linear ‘supply push’ model. Is that a useful way to think 
about innovation?

RA: It’s certainly over simplified. That idea came about in the US from a 
famous report that the advisor to Franklin Roosevelt, Vannevar Bush, 
the president of MIT, came out with before the war ended in 1945; he 
talked about the ‘endless frontier’:9 You put money at the beginning of 
the funnel into basic science and out come all these wonderful things. 
Who knows when, who knows what? But that’s been pretty much 
debunked by innovations, and by science and technology scholars. It’s a 
much more complicated system than simply ‘supply push’. You also have 
‘demand-pull’ innovation. There are also successive iterations in the 
innovation process that go back and forth, called ‘feedback loops’. Soci-
eties, economies or governments have to think about what are known 
as ‘innovation systems’.10 In other words, all the components that work 
together to maximise innovation output.11

ML: How would you characterise the current American ‘national innovation 
system’ and its performance? In Australia, we are aware that our innova-
tion performance keeps slipping rather remorselessly compared to other 
countries.12 How’s America been travelling in the international race and 
competition for innovation in recent years?

RA: At one level I don’t put much stock in the rankings because many of 
them are basically opinion surveys. They’re a little bit like looking at a 
star that has gone ‘supernova’; at the start it looks like it’s still there, but 
in reality it’s blowing up. You just can’t see it because it takes so long 
for the light to get to Earth, and so in some ways a lot of folks look at 
America in the past.

Sure, we had a great innovation system but our problem is that we 
have not kept that innovation system up to the level that it should be. 
For example, take government funding of research and development, 
scientific and engineering research as a share of GDP. It peaked in the 
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late 1980s, and it’s gone down pretty much every year since then. It’s so 
low today that it is at levels before Soviet Russia’s Sputnik in 1957.13 At 
that point, there was a giant push because America wanted to compete 
with the Soviets and so we ramped up science spending for defense, for 
NASA and for other purposes, including energy. We’ve since let it slip 
and, and that’s going to bite us, it is already biting us, it is already hurt-
ing us. There’s some good signs on the horizon and maybe policymakers 
are beginning to address it but I’m not 100% confident that we’re going 
to address it fully.

ML: It is difficult to measure and quantify innovation performance, particu-
larly across countries, but what are some of the symptoms of a failing 
innovation system that you are concerned about?

RA: It’s very hard really, because we don’t have good internationally com-
parative measures of innovation output. We have input measures like the 
number of scientists or spending on R&D. We also have intermediate 
measures of patents or venture capital as inputs, but we don’t really have 
outputs and goods measures. I’ll give you a few examples that I think are 
troubling.

In the year 2000, the US ran a trade surplus in advanced technology 
goods. Today, we are running a trade deficit of around 130–140 bil-
lion dollars in those goods. Look at the number of major US firms that 
were for a long-time international leaders, who were dominant frankly, 
who are much weaker right now, or even bankrupt. General Electric 
has had serious problems. Hewlett-Packard, IBM and firms that were 
once seen as global innovation leaders are significantly weaker now. 
A lot of that gets covered up by the fact that America has some great 
Internet and IT firms: Microsoft, Google, Apple, Amazon, Facebook 
and the like; but even in IT if you look for example at semiconductors 
where the US was the unalloyed leader by far until recently, that’s no 
longer the case.14

TSMC in Taiwan, a company that makes semiconductors for other 
firms, is clearly the global leader now in semiconductors.15 Intel recently 
announced they were having problems going down to what’s called 7 
nanometres, really small and fast, and they were going to outsource 
some of their work to TSMC. That is extremely troubling and American 
policymakers have not fully woken up to that. I don’t want to imply that 
we’re the UK. I have a lot of colleagues in the UK, and I think the UK 
is doing a lot of really good work right now in innovation policy because 
they had to, having lost so many firms. They lost their innovation lead 
they had in the 1970s and 1980s and now they are struggling. We don’t 
want to be in that situation, we don’t want to go down that path, and 
I worry that unless we make some serious changes in effort and policy, 
we’re going to move in that direction.
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ML: You have referenced some major companies with concerning perfor-
mances. They are operating in competitive markets driven by a profit 
motive. So, why are they not innovating for competitiveness, in response 
to market forces?

RA: That’s the $64,000 question and I think there are a couple of major rea-
sons. Clayton Christensen of MIT, now deceased, was one of the lead-
ing thinkers about business innovation and wrote about this troubling 
trend16 and contrasted it with companies like Google or Amazon that 
are committed to what he would call ‘disruptive innovation’, high risk, 
high reward. His argument is that too many established American com-
panies embrace ‘incremental innovation’, don’t want to make big bets, 
want to play it safe. The problem is that playing it safe can only take you 
so far. It ultimately usually leads to decline because other companies in 
the world don’t play it safe and some of those bets will pay off.

Second, corporate R&D in the US over the last two decades has dra-
matically shifted away from basic research and applied research towards 
development, and the reason is quite simple. Stock markets reward 
short-term thinking, they reward short-term investing and if you’re a 
company and you’re a CEO, you don’t really want to worry too much 
about your value in five or ten years. Certainly, you do want to worry 
about your value in the next quarter, because that’s what you get paid 
on. I think that investment incentives in the US have shifted the inno-
vation system towards much too much conservatism and too much 
short-termism.17

ML: That observation seems to be questioning the ‘business model’ of these 
struggling corporations, but perhaps more importantly their ‘corporate 
governance’ behaviour. It points towards the broader systemic com-
plexity of innovation. You talked about investment incentives and now 
we’re talking about governance. But as you say, this might be contrasted 
with the very successful performance of the big IT companies with their 
birth as ‘start-up’ entrepreneurs and garage operations. The Gates and 
the Zuckerbergs who are world leaders are the biggest companies in 
the world. They seem to have a very different entrepreneurial-driven 
and governance approach to the more established major corporations, 
don’t they?

RA: Yes, and I’ll give you an example of the former. It was maybe 15 years 
ago that Hewlett-Packard was seen as probably the most successful, 
dynamic American technology corporation and their stock price was 
going through the roof. The CEO at the time, Mark Hurd, was lauded 
by everybody as a ‘genius’ because his stock price was so high but what 
he was doing was basically robbing the future of HP and putting it into 
the short term. It looked great at the time, but when you pull back the 
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‘Potemkin village’ curtain he was essentially gutting HP. The insiders at 
HP knew that and they couldn’t fight back so HP is now a shell of its 
former self. Now compare that to companies like Amazon, Qualcomm 
or Google.

I was moderator on a conference panel with Clayton Christensen 
whom I mentioned earlier, with Paul Jacobs the CEO and son of the 
founder of Qualcomm; and Jeff Bezos, the CEO of Amazon. It was very 
clear that those two guys do not care about the short term; they care 
fundamentally about the long term. It was their company, it was their 
vision and it was their legacy. Certainly, Facebook with Zuckerberg and 
Google, with their CEO today still the founder, these founder-owned 
companies still have that ‘aggressive’ in the good sense of the term, 
longer-term disruptive vision. The more ‘managerial’-driven companies 
where the CEO could be gone, next week, they’re more conservative. 
They’re more short term. In that sense, the fact that America has been 
able to continue to produce entrepreneurial giants is a real saving grace 
for us.

ML: Robert, how valid is it to consider those entrepreneurial founders of 
the big tech-based companies as sole ‘genius’ operators that operate by 
themselves and create their products by themselves without engagement 
in a broader innovation system or ecosystem?

RA: It is almost completely invalid. Look at a company like Google. But to 
be clear, all of these founders, including Steve Jobs and others are geni-
uses, they are risk-takers and we owe a lot to them in the US, there’s no 
question about.

But in every single case, they relied upon a government-enabled 
ecosystem to help them initially. For example, Apple I  believe got a 
Small Business Administration (SBA) loan or what’s perhaps called the 
Small Business Innovation Research grant. It also built off some of the 
Xerox products such as a ‘graphical user interface’ (GUI) which was 
supported by government funding. The initial Google algorithm was 
developed by Larry Page working with his colleague on a National Sci-
ence Foundation (NSF) grant towards their PhD dissertations at Stan-
ford University.

The idea that somehow these people do this on their own is a mythol-
ogy. They are part of and they take advantage of an overall ‘ecosystem’ 
that enables them to do this great work. Now, if we didn’t have those 
people we would have a lot of innovation just sitting around on the side. 
But I don’t want to make it sound like Mariana Mazzucato, for example, 
who is an innovation scholar and quite well known in Europe.18 She 
is almost on the complete opposite side saying you do not need these 
entrepreneurs and that the governments are the innovators. I don’t buy 
either the libertarian view that there is no role for government19 or the 
sort of Mazzucato view that the entrepreneur’s role is limited. I don’t 
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think either of those is the right way to think about innovation: it is a 
marriage if you will.

ML: In the cases of both traditional and big tech corporations, our discussion 
suggests that they’re part of a broader ‘national system of innovation’. 
This raises the question of the role of government in the innovation sys-
tem in America. How has that been approached in recent years and how 
successfully?

RA: Historically, the US had at one time the world’s greatest innovation 
system by far. It was put in place from the beginning of the Second 
World War (1939–1945) and in the 20 years after that it was globally 
dominant. I give you an interesting statistic: in 1963, the United States 
government spent more on R&D than the rest of the world combined, 
every and all other countries and businesses outside the USA. It’s a phe-
nomenal statistic when you think about it. That’s why we were leading 
the world.

Another big reason we were leading the world was government 
demand for innovation. For example, I mentioned Intel: one of the rea-
sons Intel was able to thrive was that nobody wanted to buy these chips 
at the beginning because they were super-expensive but the Air Force 
was saying we don’t care how expensive they are, we need them for our 
missiles and we will pay the price. So Intel were able to sell them and 
then through volume and economies of learning they were able to bring 
the price down for the next ones.

In this way, historically the US government has played a big role just 
through demand, through purchasing things, not out of any industrial 
policy, but because we were big and we bought these things. That’s a role 
that the government can play today. In the US, for example, we should 
be transforming our transportation system in our cities, our healthcare 
system and a number of other areas through information technology, 
5G, AI, sensors, Internet of Things and more. If the government were 
a ‘lead adopter’ of those technologies, we could really move and drive 
innovation. I  think that’s true. The same is true for Australia as well. 
Governments should be thinking how can they help, how can they lead 
this innovation by using technology to solve the problems that they’re 
trying to solve, that their citizens want them to solve.

ML: Yes, well, governments grapple, certainly here in Australia, with what 
sort of leadership or role they should play in innovation. We have end-
less committees of inquiry, reports, recommendations, white papers, 
but still as a country we struggle to achieve the sort of innovation and 
competitiveness that we often aspire to. What drives governments to 
take a leadership role in innovation? You’ve mentioned crises like wars. 
We’re going through crises at the moment including the COVID-19 
pandemic, global climate change and geopolitical turbulence in our 
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region. Do crises create a certain sense of national purpose and mission 
on which innovation can be focused?20

RA: Very much so. There’s a really excellent book by Mark Taylor at Geor-
gia Tech University about why some countries are successful in innova-
tion and why some are not.21 One of his key arguments is that a sense 
of national crisis fosters innovation: you have to innovate. He uses the 
example of Israel that has to innovate because they’re surrounded by 
enemies. He uses the example of Canada who doesn’t have to innovate 
there because the US will protect Canada; they don’t really have any 
existential threats on the planet so they don’t have the same focus that 
we do. A place like Taiwan; boy, if they don’t innovate they are toast. 
The US had that with the Cold War when we really saw that as an exis-
tential threat, rightly or wrongly.22

Since 1989 and the fall of the Soviet Union in 1992, we have taken 
our eyes off the ball. What’s happening now though in the US is really 
interesting as you’re seeing this bipartisan alignment of Republicans and 
Democrats in the Congress and it’s got us started thinking again about 
being better at innovation. We have to have a better innovation policy 
because of the threat from China that is becoming seen as an existential 
threat, and it’s leading to a lot of new policies.23

I’ll give you two quick examples. A major component of the defense 
bill that just passed was to help reestablish and bring back semiconduc-
tor production to the US through well-funded advanced R&D in that 
area.24 There’s another bill called the ‘Endless Frontier’ Act that could 
be $100 billion oriented to ten key technologies like quantum comput-
ing, artificial intelligence and robotics.25, 26

There’s a new urgency, I  think in the US, and it’s still early, but 
we’ll see where that leads.27 So yes, absolutely, crises are important. 
But if there wasn’t, the key thing I think in US innovation is that a lot 
of its success has been from its culture and I think a lot of foreigners 
don’t understand that fully. The US is a highly entrepreneurial place. 
We like taking risks. We’re always looking for the glass half full, not 
half empty.

New technologies are seen as ‘good’, they’re not ‘bad’, and you com-
pare that to Europe where an entrepreneur is seen as being second rate. 
People there would rather go work for the government or a big cor-
poration. The Europeans really embraced the ‘precautionary principle’ 
approach to this new AI technology: we don’t know but it might do 
something bad so we’d better slow it down. That really does give the US 
a leg up. So I think the big question for countries is, do you want to go 
down the European path or do you want to embrace more the innova-
tion principle path?

ML: The development of Chinese capability in innovation and technology 
and its stated aspirations to be a superpower in technology in its current 
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five-year plan suggests a major challenge and opportunity to which 
America might respond. As you say, Robert, America is putting a lot of 
money these days into defense,28 space, AI, etc. How do you think the 
governance system in America can deliver on these challenges? Is the 
government sufficiently well organised and coordinated at the national 
level to deliver an effective response?

RA: Historically, we’ve done this through what are called ‘mission-oriented’ 
agencies, principally the Defense Department (DOD), the Department 
of Energy (DOE) and the National Institutes of Health (NIH). We’ve 
never really had a focused area on commercial, industrial, advanced tech-
nology competitiveness. We did put a few of those pieces in place back 
in the 1980s when we were facing the Japanese challenge.29

My first job in Washington was at one of those places, the National 
Institute of Standards and Technology (NIST), but we let some of those 
atrophy. I think it’s interesting that now there’s a lot of talk in Washing-
ton among think tanks in the defense community and I believe that in 
the Biden Administration those talks will be continued. We need better 
institutional mechanisms to coordinate a national ‘Advanced Technol-
ogy Strategy’ that builds and integrates both defense technology needs 
and commercial technology needs.

Right now those tend to be dealt with in the White House at either 
what’s called the National Economic Council (NEC) or more principally 
in what’s called the Office of Science and Technology Policy (OSTP), 
and President-Elect Biden will appoint what’s called the National Science 
and Technology Advisor.30 So a lot of that will get played out there, but 
the next question is what agencies will really take that on and we’ll see 
whether some of that gets assigned to the Department of Defense or 
whether some gets assigned to business in the Department of Commerce. 
But I do think we’ll see a little bit more coordination and formal organisa-
tion in the next couple of years by the Biden Administration in this area.

ML: One of the issues perhaps is the ‘silo’ nature of bureaucracies and their 
programmes, missions and budgets on the one hand, and on the other, 
the realities of innovation and how it happens within business and society 
which is a more horizontal collaborative process. There was an attempt 
under President Trump to set up an Office of American Innovation?31 
How did that perform and what was the idea there?32

RA: President Trump, like President Obama, he had a Chief Technology 
Officer, Michael Kratsios,33 who I think did an admirable job. Michael 
really was super good at focusing on this whole set of emerging tech-
nologies, quantum, AI and others, but he was a little bit hamstrung by 
the President’s budget director, who was a very conservative free market 
type, didn’t want to spend any money, and liked the best government as 
small government.
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As you said, they created the Office of American Innovation and it 
was a very good idea, but ultimately, it was limited in terms of its scope, 
in its ambition. It never really became a priority for the President and 
I think for these things to work well you have to have at least some mod-
est presidential backing and impetus.

I’ll give you another example in the Obama Administration out of 
my think tank (ITIF) that we were instrumental in proposing essen-
tially what you could call a ‘Frauenhoffer’ system for the US.34 The 
Germans have these 60 manufacturing institutes that are public–private 
partnerships between industry and universities, on a whole set of differ-
ent manufacturing technologies. The Obama Administration set up this 
programme, now called the Manufacturing USA Institute system, made 
up of 15 of these institutes, and by and large they’re very successful.35

They’re not funded, perhaps as well as they could be now, but the 
White House in the National Economic Council (NEC) did make it 
a top priority. It really moved along, so I think you’ll see that with the 
Biden Presidency. You’ll see similar kinds of initiatives. He has a sig-
nature proposal that he ran on called ‘Build Back Better’,36 which is 
an important initiative to expand federal R&D funding for certain key 
national priorities, particularly clean energy. I think you’ll see a lot more 
in the next four years on clean energy innovation.37

ML: To what extent might some of the opportunities and challenges for new 
technology and innovation be characterised as ‘wicked problems’, rather 
different and more complex in nature than we are used to handling? 
Confronting the complexities of climate change and renewable energy 
seems to be one of them. How might governance approaches respond 
to such ‘wicked problems’ using perhaps a ‘systems approach’?

RA: As I recall ‘wicked problems’ was a term from MIT back in the 1970s 
the idea being if we can put a man on the moon, why can’t we solve pov-
erty in the inner city?38 That was the notion, so that a ‘tame problem’39 
is an engineering problem that you can engineer and finally, say, put 
somebody on the moon.

But a ‘wicked problem’40 is super complicated with multiple causes. 
I actually think that climate is more of a ‘tame’ problem than a ‘wicked’ 
problem. At ITIF we have a robust clean energy innovation effort. Our 
view is that when we have very, very good batteries for grid storage, for 
automobiles, when we have even cheaper solar and wind, and a set of 
related technologies including industrial clean technology, it will happen 
and companies and organisations and consumers around the world will 
adopt these technologies. I don’t want to make it sound like it’s super 
easy: if you want to do this, for example, you have to seriously restruc-
ture electricity grids and that’s not easy. But ultimately, unless we have 
those technologies we’re not going to be able to do that.
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On the other hand, ‘wicked’ problems would be, for example, like 
in the US pretty rampant levels of poor health. Some of that’s going to 
be improved when, as we saw with the vaccine, the phenomenal RNA 
discovery, and gene editing. But some of the problem is just people 
not living the right way, smoking too much or eating too much or not 
exercising. I don’t know how to solve such problems that require sys-
tem intervention. To your point, we don’t do a very good job on that; 
I don’t think anybody does a really good job of thinking about how 
to intervene at a system level. My colleague John Kao, who’s written a 
number of books on this, has done some of the best work on thinking 
about system innovation.41 The key thing about fixing or addressing 
system innovation is you have to have some kind of body or organisation 
that takes responsibility for that and then tries to bring in everybody in 
the ecosystem and aligns the incentives and rewards so that we start to 
move in that direction. Until you do that it’s ‘happenstance’ at best.

ML: The challenge for innovation in America has been described as entering 
a ‘red zone’. In other words, a bit of a danger zone, an important poten-
tial ‘tipping point’, at least in the approach towards national innovation 
as a system. What frame of mind do you think the new incoming Presi-
dent needs to bring towards addressing this challenge?

RA: We’ve said that because in the US our politics are more extreme than 
Australian politics. You should be glad that you have the politics you 
have. Our politics are extreme in the sense that on the right or the 
Republican Party there certainly is a significant portion who are libertar-
ians. Frankly, they just don’t believe the government should play much 
of a role, that it’s these lone brave entrepreneurs out of those Ayn Rand 
novels that do everything.

Then on the left, and this is somewhat of a new phenomenon, since 
Bernie Sanders ran in 2016 and then Elizabeth Warren, there is a grow-
ing sense among the progressive left that really we don’t need innovation. 
That innovation is problematic, that it leads to overconsumption, that AI 
is going to kill jobs, that AI is racially biased. It’s very troubling if you ask 
me, that big companies, particularly big tech companies, are inherently 
bad, and if we all just lived and worked at little mom-and-pop shops in the 
neighbourhood owned by workers and making organic cotton shirts, we’d 
all be great. I’m obviously exaggerating both of those positions, but they’re 
both real and particularly on the progressive left it is an ascendant position.

I worry that those positions will end up saying we don’t want inno-
vation. We should regulate like the Europeans do. We should break up 
technology companies. We shouldn’t fund the Defense Department 
R&D because who needs defense, while the reality is the way you get 
things done in the US because of our politics, a lot of it gets done 
through the defense bill, so if you want to fund R&D, quite a lot of it 
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goes to the defense bill.42 So I worry about that, but on the Biden cam-
paign that I was involved in I headed up his advisory team on emerging 
technology policy and there’s a lot of folks on that team who are very 
good, very sophisticated, and understand these questions quite well. I’m 
hopeful that once things get sorted out that you’re going to see a new 
approach to innovation policy in the US that maybe you haven’t seen 
since back in the late 1980s and early 1990s, which I think would all be 
all to the good, if we can get there.

ML: Thank you Robert Atkinson for winding up on a hopeful note but as 
you say, at the end of the day, the health of national innovation is very 
much caught up in the politics, culture and attitudes of people, the role 
of government and governance systems.

Conclusion

Innovation in America is at a political ‘tipping point’ having let slip its global 
leadership built up over previous decades. Many previously large and success-
ful corporations lost their competitive incumbent positions to more entrepre-
neurial, risk-taking, disruptive tech-based enterprises. The national security 
crisis and competition of the Cold War years led to a surge of national invest-
ment in research, science, technology and skills, with the government taking 
the role of ‘lead adopter’ and carrier of technology risk in the name of national 
security. In more recent years, financialisation of business and innovation led 
to a short-term profit-driven focus at the cost of longer-term investment in 
basic research and development.

There is also a lack of recognition of the need for a ‘systems-based’ 
approach to promoting innovation premised on a complex ecosystem 
termed the ‘national innovation system’ that embraces a complex inter-
action of institutions, economics politics and technology, rather than a 
single-minded reliance upon either government research funding ‘push’ or 
private entrepreneurial leadership ‘pull’. In confronting the emerging stra-
tegic and technological competition from China, there is an urgent need to 
rethink innovation policy, including drawing from past successful lessons 
from competition with the USSR in the 1950s and 1960s, and Japan in the 
1980s and 1990s.

The American culture of entrepreneurial risk taking exemplified by the suc-
cess of Silicon Valley tech companies is a big advantage over the precaution-
ary, regulatory approach to new technology taken by the Europeans, with 
the UK possibly excepted. Neither government nor entrepreneurs can suc-
ceed alone. What is required is a national ‘mission-oriented’ approach that 
builds institutional capacity and coordination, behind national leadership at 
the highest level. Against the prevailing political currents of libertarianism and 
small government, there are signs that the Biden Administration may respond 
positively to the geopolitical-driven crisis in American innovation and strategic 
competitiveness.
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Introduction

What are the settings in Australia’s National Innovation System (NIS)1, 2, 3 and 
how do they provide for an innovative, productive and competitive economy? 
What are the systemic barriers to productivity and innovation growth, and 
what is the political and policy path to cultural transformation?

Keywords: advanced manufacturing; direct grants; innovation; long-term 
strategy; mission focus; moonshot thinking; National Broadband Network 
(NBN); National Innovation System (NIS); renewable energy; SDG 4; SDG 
9; STEM; tax incentives; technology foresight

Interviewee Profile

Emeritus Professor Roy Green (RG), Deputy Vice Chancellor, UTS, Former 
Business School Dean, PhD Cambridge, has a long and distinguished career in 
many aspects of innovation policy research, administration and advising with 
particular interests in how companies manage innovation on the one hand; 
and on the other, how governments set the framework and environment for 
innovation in the country through their policies. He’s been involved in many 
boards and committees of inquiry, government reports on innovation. He’s 
been associated with the CSIRO, OECD and the EU; and as an expert advi-
sor to ministers and the Australian Senate 2015 Innovation Systems Inquiry.

The Interview

ML: How do you see Australia’s standing and performance on innovation in 
this globally competitive day and age compared to what other countries 
are doing?4

RG: We’re not performing badly; let’s say that at the beginning. But we’re 
not performing as well as we could or as well as we should. One of the 
most widely cited statistics about Australia’s performance is that we have 
a very strong performance in our research output, the production of 
ideas through our universities through the CSIRO and other research 
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institutions. We rank very well there, sometimes in the top ten or very 
close to it, but the efficiency or effectiveness with which we turn those 
ideas into commercial outcomes is lacking. That’s where we fall right 
down to the bottom of the table around the seventies and eighties in 
rank and this is also mixed up with our poor record in university/busi-
ness collaboration.5

So those elements hang together and we could say, to some extent, 
that the reason is the culture and the sense of complacency that we have 
in Australia after some 27 years of uninterrupted growth. There’s no 
other economy in the world with a record like that, and so no one who 
has not experienced adversity is likely to say that it is going to face us in 
the near future or that we urgently need to reposition or that, look here 
is the ’burning platform’;6 if we don’t change, we’re going to jeopardise 
future jobs and growth.

Some people are saying that, and in the recent report by Innovation 
and Science Australia (ISA),7 we’re certainly sending out the call to that 
effect but it’s not a call that is resonating in government, in politics 
generally, or indeed with the wider population. The government found 
that to its cost, in a sense in the 2016 election; when people in marginal 
electorates were told by the Prime Minister that innovation was impor-
tant, they reacted differently than he might have expected.8 They saw 
innovation as technological disruption that meant that they might not 
have a job in the future, and the focus was seen as a negative one on uni-
versities, technology, start-ups and so on. It didn’t connect with people’s 
reality which does require innovation and experiences innovation all the 
time in our current industries. But it didn’t say that these industries – in 
order to survive into the future – need to think about how they not only 
develop technology themselves but adapt to technologies that others 
also create.

ML: Yes, as you say, perhaps we have slipped into a bit of complacency in 
recent times, although I think it’s probably fair to say that Australia has 
had a long history of perhaps not being fully up to the mark when it 
comes to innovation, as distinct from research. That distinction you’ve 
made, and it seems that our rankings on global scales are continually fall-
ing, so it was pretty gratifying, I thought, when Malcolm Turnbull took 
over in 2015 that he spoke in such glowing and positive terms about 
the role and contribution that innovation and technology and science 
could make to the productivity, the competitiveness, the growth and 
the well-being of the Australian economy. And yet, as you say, kind of 
strangely, he’s been very silent on innovation since the campaign. You 
don’t even hear the word innovation pass his lips anymore.

RG: No, under his predecessor, Tony Abbott, the word innovation was 
removed from the name of the Department of Industry and Innovation; 
the word Innovation disappeared,9 after a period of Labor government 



58 Interview With Roy Green

when innovation was promoted, not perhaps as heavily as we might like, 
but it was certainly part of the government policy framework.

Under Tony Abbott though, everything that the previous govern-
ment had done had to be undone and innovation was one of those 
things, so you could almost measure the lift in spirits in the science, 
innovation and research community when Malcolm Turnbull took over 
and told everyone there was no more exciting time to be an Australian, 
you might recall.

While not much seems to have happened, the point is, he touched 
on the zeitgeist, which was that after an unprecedented mining boom, 
people did recognise in the population that we did need to change and 
we needed to prepare for an uncertain future which was not going to 
depend on a high ‘terms of trade’. We saw the dollar dropping. We saw 
that we needed to make up for the gap in our export revenues that 
would be left by a decline in commodity prices. We’ve seen a few spikes 
in the price of iron ore and coal since then, but the trend remains the 
same. The International Energy Agency (IEA) and other reliable fore-
casters would argue that over time, our reliance on commodities will 
provide us with ‘diminishing returns’; and that, in general, the world 
will move beyond fossil fuels to renewable forms of energy.

ML: It does now seem that the political rhetoric of the day which invokes 
concepts of productivity and competitiveness is important but it seems 
to reduce those to ideas of decreasing the costs of labour and capital. 
For example, the justification for the huge corporate tax cut that’s being 
proposed is that it’s somehow going to boost our competitiveness by 
a ‘race to the bottom’ on tax rates.10 Meanwhile, labour and wages are 
also being held down, and this is a very time when generally around 
the world people recognise that if you want to be competitive in the 
future, you have to increase productivity through skills, technology and 
innovation.

Perhaps we could turn to our next point that the government, 
through its agency the ISA, an ‘independent’ group, released a report 
earlier this year on a future agenda called Australia 2030: The National 
Innovation Report with 30 recommendations.11 What is that report 
and what is it trying to say about what needs to be done to enhance 
innovation?

RG: It’s important to go back to the way in which this report was foreshad-
owed by Malcolm Turnbull. In 2015 when he took over, he released 
a kind of Innovation Report Mark One, the National Innovation and 
Science Agenda,12 which was designed to set up the prospect of doing 
a long-term strategic review of where we were placed as a nation and 
what levers we needed to pull to get to where we needed to go in a 
post-mining boom economy.
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That was clearly the agenda that was established at that time and it 
prompted a great deal of enthusiasm and interest. But, as I said earlier, 
it came a little unstuck in the election campaign because it hadn’t gone 
further by that point. It was meant to encompass the transformation of 
our existing industries in a way that made people feel less insecure about 
future job growth.

Be that as it may, the government nevertheless did push ahead with 
its Mark Two, which was not so much a set of policies at this stage, 
but a review which would look at where we wanted to be in the future 
and a couple of years later, probably way past the initial deadline. 
The new Innovation and Science Australia (ISA) body was a sort of 
semi-independent advisory body, a part of government but also with its 
own independent board led by Chair Bill Ferris with a long track record 
in innovation, entrepreneurship and venture capital. The Deputy Chair 
was Alan Finkel, the Chief Scientist and a number of prominent indi-
viduals from business.

The idea was that this report would provide relatively independent 
advice back to the government along those lines, and it has done it to 
that extent but because the momentum has dropped in the area gener-
ally, it hasn’t got very much attention. Its proposals are not as ambitious 
as one might have hoped, partly because of the constraints provided by 
the government. One can only suspect that the board was told, look 
don’t expect too much more spending in this area. Try to ‘cut your 
cloth’ when you make your proposals to keep them realistic. You can 
imagine the discussions behind the scenes there, and of course, they did 
want their proposals to be picked up by the government, so they’ve kept 
them relatively modest. They do contain a couple of ‘national missions’ 
sometimes called ‘moonshots’.13

ML: I think, generally, you feel that there are a number of things they got 
right in their report. Like emphasising the importance of innovation to 
our continuing social and economic environment and well-being, and 
criticising some of the fragmented institutions and activities we have in 
this domain, including federal-state activities, and even recognising a 
role for government in settings for innovation.

RG: I would have liked the group to have picked up the shortcomings in our 
institutional structures which are not everything but they certainly make 
it either easier or more difficult to implement policy. At the moment, we 
have about $10 billion as a country going into research and innovation 
from the taxpayer that is spread across 13 separate portfolios of govern-
ment, and 150 separate budget line items.14

We have review after review suggesting ways of consolidating this to 
get a more coherent picture. Given we are a small economy, we only do 
2% of the world’s R&D, we are not going to be excellent at everything. 
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How do we focus our resources to get the best return from areas of 
current and potential competitive capability and competitive advantage? 
They didn’t go that far unfortunately.

They did, however, focus on a couple of areas which are important 
to us and the most important and most controversial area I guess is the 
fact that over a third of our innovation spending is in the form of an 
R&D tax concession and this is something that’s grown dramatically 
over recent years. It’s 90% of R&D spending. It’s the highest proportion 
of a tax incentive version as opposed to direct targeted funding in total 
expenditure of any OECD comparable countries with only one up there 
with us, and that’s the Netherlands.

Most other countries balance their portfolio of spending in such a 
way as they encourage innovation and R&D via direct targeted fund-
ing.15 We rely on a tax concession, which means in the view of the Board 
that this is a lot of expenditure that is wasted on ‘business as usual’ 
activities. We should really be targeting a lot of our expenditure towards 
business transformation which is not just technology, but it could also 
be new business models or high-performance work and management 
systems; or new systems, new forms of systems integration connecting 
with global value chains, as well as the more traditional types of R&D 
based on new technologies and the adaptation of technologies from 
elsewhere.

They made a suggestion to switch the balance towards more targeted 
funding, and they also put in there a possible ‘premium’ that would 
attach to the R&D tax concession where innovation and research were 
conducted together with universities. So that was a positive step, but 
it’s just one of a series of measures which weren’t related as well as they 
could have been in the context of a transformation of our entire system.

ML: And yet at this time, so many of our global competitors that we hear 
about in the context of the tax competition, in Europe and Asia, are 
very busy, focused and supporting national innovation strategies with 
highly targeted policies based on competitive advantages and the provi-
sion of infrastructure items.16 What are the areas that we are good at, 
that deserve targeting and that perhaps weren’t made enough of in this 
so-called ‘strategic plan’ and recommendations?

RG: We know that we’re good at certain areas of technology, digital technol-
ogies, medical technologies, agribusiness technologies, and we’re good 
at adapting technologies to new business models that we developed here 
in Australia in a range of industries, including advanced manufacturing.17

Even though many would say that we’re hopping out of advanced 
manufacturing, it is still a growing area to some extent at the expense 
of traditional mass production manufacturing. But it’s based on our 
increasing participation in global value chains, so it’s not just services, 
but manufactured goods that as well as mining technologies that do 
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propel us forward in the research and innovation space and could do 
much more than we do currently.

But these are just my guesses if you like, about the areas that we’re 
good at. The point is we’ve never done within Australia a systematic 
technology or knowledge ‘foresight’ exercise.18 Many countries do this 
and they do them on a regular basis. They ask themselves the questions: 
what are we good at and what could we be good at in the future – in 
order that we allocate our limited public funds together with private 
funds to those areas where we think we can get the best comparative or 
competitive advantage as a nation.

Small countries in particular do this. The northern European coun-
tries, some of the East Asian countries,19 even the US has had a go at this 
as part of what they called the Advanced Manufacturing Partnership a 
few years ago,20 and it requires a lot of research which is not a short-term 
exercise.

You take a year or two in doing these things but because our govern-
ments have such a short-term focus, no one has felt any great incentive 
to develop longer-term thinking.

ML: Australia has a long story, hasn’t it, of scepticism about so-called plan-
ning exercises, targeting exercises and ‘picking winners’ in this way. 
While those might well be a good way to go, it seems to me there are 
a couple of blindingly obvious areas in which the government has an 
important role that’s recognised overseas but in which nothing hap-
pens here.

For example, the whole energy, renewable energy and climate change 
area which is a leading driver globally of new sustainable technology 
and innovation and products and services,21 and in which, for example, 
a country like China is hugely driven by innovation.22 Then there is also 
the so-called National Broadband Network (NBN) public infrastruc-
ture which should be the platform for all enterprises and individuals to 
innovate with the new digital technologies in forming new businesses.23 
Australia’s world rankings on broadband connectivity compared to 
other countries are worse than even our overall innovation performance 
ranking.24 Yet both these sectors are judged beyond the scope of the 
report. Why?

RG: You might say there’s no coincidence or accident there either. When 
I referred to the fact that the Innovation and Science Australia board in 
its 2030 strategy identified national missions,25 those national missions 
left out two things which most people would regard as quite important. 
One was energy – renewable energy technologies and energy efficiency 
that wasn’t there; and nor was super-fast broadband.

I guess you could only interpret that as a political issue because had 
the board being given a complete scope to identify areas in an inde-
pendent and impartial way you would think that energy policy and all 
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the related measures to mitigate climate change and to assist the transi-
tion from fossil fuels would have been high on their agenda, along with 
super-fast broadband which is already a supposed goal of government. 
But it’s proved so embarrassing over the last few years as we dropped 
down the digital connectivity scale around the world, we were up there 
around number 10 or 11 with 4G and so on.

And now as other countries have rolled out optical fibre not just to 
the area, but to the home and the business we have dropped down into 
the thirties and forties in rank.26 I think we’re somewhere below Oman. 
Now it’s a really serious challenge which the government doesn’t want 
to draw attention to.

These are fundamental changes that will be crucial to our future pro-
ductivity growth which is another factor that needs to be taken into 
account in innovation policy. The key driver of productivity is innova-
tion, both of the technology type of innovation and non-technology 
innovation, including management capability. Until we get that right, 
we’re not going to be prepared for a post-mining boom economy.

Productivity underpins growth. It underpins our living standards and 
we’ve seen wages growth stagnate in the last few years as the top comes 
off our mining boom and their terms of trade go into retreat somewhat. 
The changes that we make must both improve the supply side in terms 
of our technological and skills proficiency but also the demand side. 
There’s some recent research on this recently published by some Ameri-
can academics indicating the importance of the demand side as well, so 
wages growth is not just a result of higher productivity, it also drives 
productivity and that means having a workforce that is paid enough to 
create demand.27 As far as corporate tax cuts are concerned, this is a very 
lazy way to try to achieve these objectives. It’s $65 billion, which could 
more productively be spent in a targeted way on building our research, 
education and innovation capability, but it’s going to be a concession to 
companies who will have choices about how they spend it, and it may 
be spent in productive investment, but it can also be spent in share buy-
backs, dividends and executive salaries.28

ML: It can indeed, and as you say, perhaps it’s not even a matter that the gov-
ernment is not actually doing much. One is tempted to conclude that 
what they are doing seems to be almost going in the opposite direction 
to the sorts of things you’ve been talking about that are needed to drive 
innovation, productivity and competitiveness.

RG: That is exactly the problem, and it was certainly shown up by the 2030 
report which made some very sensible and positive suggestions to a govern-
ment that perhaps wasn’t listening as carefully as it should because it is going 
off in the other direction. We’re up to now the sixth Innovation Minister 
under the Abbott and Turnbull Governments, over a period of five years or 
so. It’s Michaelia Cash and not many people would even know this is our 
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Minister for Jobs and Innovation.29 Jobs were thrown in just to give the 
impression that something was happening that might result in a positive 
outcome for workers but Minister Cash gave a speech the other day in which 
she said: what we need in this area is business certainty, and I’m going to 
provide it by doing exactly nothing in this space, and I’m not making this up.

ML: Roy, what is your opinion on where we stand with a key element of skills 
building for innovation, namely the debate over science, technology, 
engineering and maths (STEM) education, and what we’re doing about 
it, because it seems that student numbers are continuing to turn well 
away from that focus?

RG: I guess this is one of the more disturbing parts of our research and innova-
tion ecosystem, which will depend on the skills we develop for the future. 
In the PISA international rankings of school education proficiency,30 we’re 
falling compared with other countries, including countries to the north of 
us in East Asia, and we have to ask ourselves, why is this the case?31

There’s been a lot of emphasis on focusing students on STEM sub-
jects, it’s very important and we should certainly do that but it isn’t just 
about STEM skills. The skills of the future are also going to be those 
broader boundary-crossing skills in areas of critical thinking and resil-
ience, adaptability that require students to go beyond the more special-
ised areas of scientific knowledge. This is where the humanities is also 
very important and it’s where design thinking is important.32

How do we imagine a future and indeed one where the jobs that cur-
rently exist may not exist and certainly won’t exist in their current form 
in five or ten years’ time? There is no established career ladder in large 
organisations in the way that there was in the past, so we need to prepare 
students for a very different type of future and many of the students, not 
only businesses but the students themselves, want this.

At UTS for example, we did a survey of our students and found that 
40% had an interest in starting a business of their own, creating their own 
jobs, and so we’ve had to and we’re pleased to do this, shift the focus 
of our teaching activities towards some entrepreneurship skill building.

How do you develop a new venture? Can we give you an experience 
in a co-working space? Can we connect you up with venture capital if 
you’ve got an idea that can be commercialised, and students are really 
gravitated to this? Those that don’t start a business and join an existing 
one will nevertheless also have entrepreneurial skills, which are valued a 
lot more highly now than simply managerial skills in the context of large 
organisations. So, there’s a big change going on in our education system.

ML: I wish I could feel a degree of optimism that our political system and 
culture might pick up on some of this in the near future, but I’m not 
sure from what we’ve been saying here tonight, that’s going to be imme-
diately forthcoming.
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Conclusion

Effective innovation and technology change for productivity, growth and jobs 
requires a functioning national innovation system (NIS). All parts of an inno-
vation ecosystem need to act in concert across a range of inter-acting insti-
tutions in research, science, technology, education, skills, entrepreneurship, 
commercialisation and markets, across businesses, industries, sectors, govern-
ment and society.

In Australia, over a long period, the innovation policy and institutional 
components and linkages neither are effectively linked nor operate in the 
required degree of collaboration, cooperation and alignment of purpose or 
vision. Australia’s long-term loss of international standing in international 
rankings of innovation and competitiveness speak to an inability to rise to the 
systemic national innovation challenge.

Australia’s inability to capitalise on its strong research base with successful 
business and industry development through commercialisation, particularly in 
technology- and manufacturing-based industries, is symptomatic of an under-
developed national innovation ecosystem. A case in point is the weak linkages 
between publicly funded research and private enterprises and industry. The 
education and training system is a poor performer by international standards 
and displays a similar lack of effective linkages to skills required for future 
technology- and knowledge-based jobs, including developing and supporting 
entrepreneurial business culture and skills, and STEM education.

A very substantial national budget for Science, Research and Innovation 
(SRI) activities falls across over a dozen ministerial portfolios and well over 
100 budget lines. A lack of interest in forward-looking technology ‘foresight’, 
vision and long-term strategy and coordination might lend coherence and 
purpose to the elements of the national innovation system.

Various attempts to transform the economy to a high-value, high-skill econ-
omy, including in the context of post-mineral boom cycles, have failed politi-
cally both at the highest levels of government and within the community, to 
capture sustained interest and commitment. There has been no shortage of 
analysis, reports and recommendations, but there has been over decades much 
vacillation and temporising, not to say politicisation and playing on commu-
nity fears of change.

Changes to and even reversals of policy, as with organisational and min-
isterial reshuffles and renamings, are all too frequent, lacking coherence 
and consistency. Key innovation policies involving tax incentives and direct 
grants become political playthings, while recommendations for ‘mission’ 
focus on key strengths are set aside on ideological grounds. The sorry han-
dling of the development of a national broadband network (NBN), the fate 
of the manufacturing sector and the reluctance to embrace renewable energy 
all illustrate the politicisation and the inability of politics and culture to 
come to grips with the challenges and opportunities of new technology and 
innovation.
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Technology, politics and society are misaligned on innovation and raise the 
question of whether Australia even has a functioning ‘national innovation sys-
tem’ that is ‘fit for purpose’. 
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Introduction

What are the economics of climate change and how we might transition in an 
innovative and cost-effective manner to renewable energy technologies and a 
sustainable future? On 8th October 2018, the Intergovernmental Panel on 
Climate Change (IPCC) brought down its report on where we stand with 
reaching the 1.5 degree target,1 which now looks like it’s going to be hit and 
overshot, whether we like it or not; and the short time frames that we still have 
remaining to even get to our 2.0 degree target.

On that very same day, the Nobel Prize committee announced the award 
of its 2018 Prize in Economics to American economist, Professor William 
Nordhaus of Yale University.2 The Nobel Committee citation for Nordhaus is 
for his contribution to ‘integrating climate change into long-run macroeco-
nomic analysis’,3 and for his associated advocacy of a policy of carbon pricing 
for long-term sustainable economic growth.4

Keywords: cap and trade; carbon price; carbon tax; Carbon Pricing Mecha-
nism (CPM); Carbon Pollution Reduction Scheme (CPRS); carbon trading; 
Emissions Trading Scheme (ETS); endogenous economic growth; externali-
ties; Great Barrier Reef; greenhouse gas emissions; integrated climate models; 
Intergovernmental Panel on Climate Change (IPCC); market failure; Nobel 
Prize Economics; public goods; SDG 11; SDG 12; SDG 13; spillovers; sus-
tainable economic growth

Interviewee Profile

Professor Ross Garnaut (RG), AO, is Vice Chancellor’s Fellow and Professorial 
Fellow of Economics at the University of Melbourne, and was for many years 
a highly distinguished professor of economics at the Australian National Uni-
versity (ANU). In recognition of his lifelong and manifold contributions to 
public policy in Australia, he was awarded the Order of Australia (AO).5 He 
has held many very influential positions, including as Australia’s Ambassador 
to China and as Principal Economic Adviser to Prime Minister Bob Hawke 
during Australia’s major structural economic reforms of the 1980s.6
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Ross wrote the landmark 2008 report for Prime Minister Kevin Rudd, The 
Climate Change Review for Australia,7, 8 and as a result of that report and 
its recommendations, Australia adopted a climate pollution charging system, 
effectively a form of carbon pricing which was, unfortunately, subsequently 
scrapped by Prime Minister Tony Abbott.

The Interview

ML: What does the Nobel Prize citation for William Nordhaus mean when 
it says that he ‘integrated climate change into macroeconomic analysis’? 
Haven’t economists taken account of and analysed the economics of the 
environment before his work?

RG: No doubt his contribution wasn’t the first to take environmental impacts 
into account. In fact, the economic principles of doing that have been 
with us for a long time, 100 years ago with the Cambridge economist, 
Pigou. In his important book The Theory of Welfare,9 Pigou said that in a 
market economy, if some economic actors are damaging other economic 
actors, it could only work efficiently if you taxed the costs that some 
people were imposing on others.

It was always recognised that this had a very ready and important 
application in the case of environmental costs. Even the high priests of 
free market liberalism like Hayek and Friedman recognised the impor-
tance of taxing environmental ‘externalities’ where some activities were 
imposing environmental costs on the rest of society.10

What Nordhaus did was apply these principles specifically to the 
case of climate externalities and he did some extensive modelling of 
the long-term impacts of the costs and benefits of mitigating climate 
change. He was a pioneer in those applications of the general principle 
of ‘negative environmental externalities’. He became an advocate of a 
‘carbon tax’ at fixed price on carbon pollution.

He pointed out that it was a pretty good tax independent of its envi-
ronmental benefits; at a time when there’s some difficulty in raising 
enough taxation to cure our budget problems and to provide needed 
‘public goods’ this was an efficient form of tax. So you might do it even 
without the environmental externalities, but certainly, once you realise 
the importance of the external costs of carbon pollution, you might do 
it for two reasons. One was the public finance reason, and the other was 
the efficient application of constraints on pollution.

His modelling showed that on his assumptions of a relatively modest 
rate of carbon tax, you could bring the cost of climate change mitigation 
into line with the benefits of climate change mitigation. His was not the 
last word on these things, but it was an important step along the path to 
where we are now in thinking about these issues.

ML: What exactly is it that Nordhaus ‘integrated assessment models’ are inte-
grating into economics and how does he do that?
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RG: He looked at all the costs of carbon pollution, of generation of green-
house gases and traced those into all of their economic effects.11, 12 If 
you burn a lot of coal and each extra tonne adds to the effects, then you 
do change the climate through well-known mechanisms in atmospheric 
physics.

Carbon dioxide is a greenhouse gas. If you have a high proportion 
of it in the atmosphere, then it traps more of the heat that comes from 
the sun and is reflected from the surface of the earth that warms the 
atmosphere, eventually that warms the seas, and the surface of the earth 
as well. That has costs. It disrupts a lot of existing economic activity over 
time. It leads to expansion of the oceans and a rising of the sea level. It 
leads to melting of the ice caps and ice in glaciers on mountains, and 
that raises the sea level, and that disrupts economic activity in low-lying 
areas. It makes the rate of evaporation higher and in areas of agriculture 
where water is scarce and valuable; it reduces the amount of water avail-
able for agricultural use.

The warmer climate will have more energy and climate systems, and 
so extreme weather events will become more extreme, we will have more 
extreme heat waves, we will have more extreme storms, and therefore 
there will be costs of engineering infrastructure to withstand these, 
more fierce events.

In warm or hot climates like Australia, mortality rates rise when there 
are more heat waves. Bushfire events will be more severe; they’ll be asso-
ciated with economic loss and with the death of humans.

Nordhaus through the use of ‘integrated assessment models’ found a 
way of adding up all of these costs recognising the cost to the economy. 
The integration part was looking at how through putting a tax or a price 
on carbon pollution you could, at some cost to the economy, reduce the 
environmental damage.

The endpoint of the analysis was to have the tax high enough to 
balance the economic cost of mitigating climate change and of restrict-
ing carbon pollution with the economic benefits of avoiding all of that 
disruption. That’s how you integrated the taxing of externalities with 
taking into account the damage those externalities were doing to the 
economy.

ML: You seem to be saying that a key part of the integration was that Nor-
dhaus, as an economist, brought on board his modelling processes the 
physics and the chemistry; both of the carbon cycle and climate systems 
alongside an economic growth model?

RG: Yes, and he didn’t do that all by himself of course. A lot of work had 
been done on those physical systems, atmospheric systems, biologi-
cal systems, by other scientists, and the integrated models distilled 
the wisdom of those other sciences and turned them into economic 
impacts. In my big review of climate policy for all of the State Pre-
miers and for the Prime Minister, which I presented to the Premiers 
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and the Prime Minister in 2008, I applied those approaches in a lot 
of detail; rather more detail than others had done specifically for the 
Australian case.13

ML: Economists have long looked at the sources and drivers of economic 
growth, particularly in the long run and across different countries, and 
the standard model at least when I  was at university, was the Solow 
model. Is anything that Nordhaus is contributing when he brings in 
these integrated climate change issues in any sense adding to, changing 
or rewriting the Solow economic growth model?14, 15

RG: Bob Solow, who I’m pleased to say is still in good mind and good heart 
in his nineties,16 would feel very comfortable with what Nordhaus has 
done. The framework that Solow used for modelling long-term eco-
nomic growth looked at the very basic building blocks of economic 
activity, capital, labour, other resources, and took into account produc-
tivity growth.

An integrated assessment model of the kind that Nordhaus has helped 
to develop adds to that; it is just recognising that part of the impact of 
economic activity is not simply on prices in markets, but is on environ-
mental amenity, and that impact on environmental amenity itself has an 
economic impact. So, it’s really adding a new dimension to the analysis 
without changing its structure.

ML: Some critics of markets regard environmental problems as examples of 
what are called, technically at least, ‘market failure’17 and there seems to 
be disenchantment too these days, not only with markets but also with 
capitalism generally. In a ‘market failure’ system, as I understand it, the 
market mechanism under-prices certain resources as being external to 
the responsibilities of the user, and therefore leads to the wrong price 
signals for those who want to invest their capital and their knowledge in 
improving technology, innovation and productivity. The market doesn’t 
send the right signals. How does that work in the context of carbon pol-
lution and climate change?

RG: I would have to be very careful how one uses these terms. There’s huge 
value in an efficiently operating market economy. The market can do a 
lot of things that central planning and other methods of control and 
allocation can’t do; the prosperity we currently enjoy, the process of 
global development that’s lifted billions of people from poverty over the 
past half century, all of that depends on the power of market exchange.

But markets will only deliver a maximum of the economic welfare, 
of amenity, if the prices of goods and services reflect their true costs 
to society. Sometimes costs imposed by some activities in the produc-
tion of some goods exceed those that are reflected in markets because 
there are what economists call ‘external costs’.18 If we make a megawatt 
hour of electricity from burning coal, then the market will pick up the 
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cost of digging up the coal and putting it into the generator, and then 
of building and operating the generator, and the cost of building the 
wires to transmit the power to the factory where it’s used, or the home 
where it’s used.

There’s another external cost that the market doesn’t pick up. It’s the 
cost of carbon dioxide from burning the coal going into the atmosphere 
changing and disrupting the climate with some of the effects I men-
tioned earlier; the warming of the planet will raise sea levels, it will dis-
rupt agriculture, we will have more bushfires and other extreme weather.

If you want the market to deliver economically efficient outcomes, 
then you’ve got to tax the external costs, or else you have to regulate 
the activities that are generating the external costs. The market failure is 
the failure of the market to pick up all of the costs that are generated by 
an activity and you can correct that by imposing a price on the external-
ity. You can calculate and Nordhaus was one of the first who attempted 
to do so, the cost that the burning of that tonne of coal imposes on 
the rest of society around the world through its effect in changing the 
climate.

If you make your tax equal to that cost, then you can let the market 
determine whether people use their solar energy or coal and how much 
electricity they use. If you don’t have the tax on the externality, if you 
don’t correct the market failure in that way, then the market won’t give 
you an economically advantageous outcome.

ML: In other words, the market won’t send the right signals to those who 
need to invest in this particular case of these negative ‘spillovers’ that 
you’re mentioning. The damage done by carbon that isn’t priced directly 
won’t give the correct signals to invest in the technology to either rebate 
or replace those damage costs with innovation and new technology.

RG: That’s right. We will under invest in low emissions, local pollution activi-
ties and over invest in high pollution activities and we won’t get an eco-
nomically optimal outcome. Nordhaus was focused on economic costs 
and benefits but there are non-economic effects of carbon pollution as 
well, that are extra reasons for action.

I’ll give an example that I  discussed at some length in my major 
report ten years ago. If we destroy the Great Barrier Reef, and sadly 
it looks as if it’s going to be difficult to save much of the Reef the way 
we’re going,19 then it will be a big economic cost imposed through mar-
kets. There will be less tourism with far fewer tourists interested in going 
to Port Douglas, Cairns, Bundaberg and other places along the North 
Queensland coast. One can consider that to be an economic market 
failure. The failure to tax carbon will have led to an excess of economic 
activity, generating carbon pollution and that will have done economic 
damage. The market won’t have led to a good outcome, but Nordhaus 
was just calculating the economic effects.



72 Interview With Ross Garnaut

There will also be the destruction of the Great Barrier Reef which, of 
itself, will have some costs that are important to people independently of 
that economic cost. Lots of people would think it’s a bad thing in itself 
for that natural wonder of the world to no longer exist.

Let’s be clear that the Nordhaus analysis focused on economic costs 
and benefits. There are other non-economic costs of failure to deal with 
climate change.

ML: It’s hard to believe that your landmark and monumental piece of work 
on the climate change review was more than ten years ago and yet here 
we are in 2018, still as a country, and arguably as a world, not really 
tackling them in a very effective and efficient manner. You advocated a 
carbon pricing or taxing mechanism, referred to as a ‘Carbon Pollution 
Reduction Scheme’ (CPRS).20 Meanwhile, Nordhaus has been advocat-
ing what’s called a ‘Cap-and-Trade’ approach.21 What’s involved in these 
notions and do they differ?

RG: What I  advocated was really a ‘cap-and-trade’ scheme and Nordhaus 
also was an advocate for a carbon tax, a fixed price on carbon. The effects 
of a ‘cap-and-trade’ scheme and a ‘carbon tax’, in some circumstances, 
can be very similar. In a cap-and-trade scheme, you work out how much 
carbon you can afford to put into the atmosphere without causing exces-
sive damage through climate change. One can argue about how much 
damage we should tolerate.

The recent IPCC report said that even with 1.5 degrees of warm-
ing there would be very great damage, for example, much damage to 
the Great Barrier Reef.22 Prior to the focus on 1.5 degrees, in the last 
few years, including from the IPCC, it had been generally accepted that 
we should aim for holding the temperature increase to three or possibly 
2 degrees above pre-industrial levels.

Realisation that the costs will still be pretty high at 2 degrees has led 
to increased focus on 1.5 degrees. Say you had settled on the objec-
tive of 2 degrees and, economically, you can settle on that number by 
looking at how much it would cost to hold that and how much benefit 
you could get from holding climate change to a 2-degree temperature 
increase and balance the two up and give you an economically optimal 
level of abatement. Once you take the non-economic costs and benefits 
into account, you’d probably be more ambitious in trying to restrict 
climate change.23

Say, the agreed objective is 2 degrees. The science can tell us how 
much carbon we can put into the atmosphere to have a reasonable 
chance of holding temperature increases from pre-industrial levels to 2 
degrees. That can be expressed as a certain amount of tonnes of carbon 
dioxide and or its equivalent in other greenhouse gases.

Once we know that number, the public authorities can issue permits 
and say it is illegal to emit carbon dioxide unless you have one of these 
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permits. You could sell those permits by auction and the government 
issuing them would get a lot of revenue or you could give them away for 
free which gives a bit of a ‘free kick’ to the polluting businesses. But if 
the regulation of the system stops you from putting carbon dioxide into 
the atmosphere unless you have a permit, then that limits the increase in 
carbon in the atmosphere to the number of permits.

ML: So it’s a combination of a regulation to effect the total amount of emis-
sions and the introduction of a market mechanism beneath that allows 
people to trade those who want to trade and pay for the right to pollute 
within that limit, and the price will accordingly go up in the market and 
provide relevant reduction and mitigation incentives. This question of 
terminology, between a ‘tax’ and a ‘price’ has led to all sorts of political 
issues. A variation of your scheme was introduced for a couple of years 
and then scrapped by Prime Minister Abbott who referred to it as a new 
‘tax’ and focused on the costs of electricity thereby imposed.24 Surely, 
it doesn’t have to be talked of as a ‘tax’ in any strict sense. The govern-
ment doesn’t have to collect revenue. Couldn’t it just set a cap and then 
through trading of permits between businesses, establish a price in the 
market without the government even being involved except by deter-
mining and issuing the permits?

RG: I  was describing an Emissions Trading Scheme (ETS) which is also 
known as a ‘cap-and-trade’ scheme and the government could give out 
the permits for free or it could sell them by auction. The effects on the 
price of goods and services, the price of electricity or price of anything 
else is not affected by whether the permits are given out free or sold. It’s 
a market price in either case, whether they’re auctioned or not.

The people who receive the permits whether from an auction or 
receive free from the government will charge the scarcity value of that 
permit, if they generate electricity using coal, for example. The fact that 
the permit is scarce gives it a value; if they’re getting it for free, it will 
mean that the value of that permit goes to the polluting business and 
that business will pass on the cost to consumers anyway, so the consumer 
will pay in the long run.

ML: Nevertheless, this has been a highly toxic political issue that we still 
haven’t resolved here; and of course, America backed right away from a 
‘cap and trade’ in part because it’s seen as another tax grab for revenue 
by governments.

RG: I’ve just been describing the emissions trading schemes, and it actually 
has no effect on the prices of goods and services whether the govern-
ment collects a revenue or not. In one case, the price is paid by the 
consumer and the money goes to the government; and in the case of 
the system we had in Australia, the government then gave that back 
as increased in to social security and cuts in income tax so that no 
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Australian on average or lower than average incomes was worse off as 
a result.

If you just gave the permits free to the businesses that emit the car-
bon, that would mean there was a transfer from the consumer that paid 
for the electricity to the electricity generator. That would increase the 
profits of the generator above what it would otherwise be, and make the 
consumer poorer compared with the case where the revenue is collected 
by the government and given back in tax cuts.

Now, the alternative approach as Nordhaus discusses both in his 
work – and I discussed both in my Climate Change Report – is a fixed 
carbon price where instead of setting the price in the market, the gov-
ernment makes an estimate of the price of carbon that’s necessary to 
hold temperature increases to 2 degrees and just sells off permits.

The economic effect of that is very similar to a ‘cap-and-trade’ 
scheme, an emissions trading scheme with the government auctioning 
off the permits, but one cannot be quite so certain that you’ll hold car-
bon pollution to the desired level because the calculation of what price 
is necessary might be wrong.

What we had in Australia, for two years from July  2012 until 
June 2014, was a system that had the structure of an emission trading 
system ‘cap and trade’ but with a fixed price for the first two years. If 
Tony Abbott and Clive Palmer, whose votes were essential for the repeal 
in the Senate, hadn’t abolished the carbon price; then from 1st July 2014 
we would have had integration of the Australian trading system with the 
European trading system. The Australian carbon price would have been 
set in an international market, and it actually would have been lower 
than the price in the first two years.

Conclusion

In analysing environmental issues, economists have long agreed that due to 
the nature of the negative impacts on others external to the source of pollution 
these so-called ‘negative spillovers’ or ‘negative externalities’ constitute a case 
of ‘market failure’ whereby the market price system does not reflect the true 
overall costs of environmental damage.

This results in an overproduction of pollution and underinvestment in pol-
lution control investment in equipment and abatement from the point of view 
of economic efficiency in the marketplace. The efficient economic response is 
to internalise these negative externalities by imposing a cost on pollution in 
the form of a ‘tax’ per unit of harmful emissions.

There are different views among economists about the best design of car-
bon pollution charges. These have been central in the decades-long debates 
about tackling carbon emissions from fossil fuel burning that contributes to 
man-made climate change and global warming. Two approaches have been 
argued. First, a carbon tax rate that is set iteratively until overall emissions are 
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regarded as at an agreed target level. Alternatively, a ‘cap-and-trade’ approach 
that sets the overall target level of emissions and leaves the price of emissions 
to be set in a market.

A further refinement in instrument design is the approach by Nordhaus 
who advocates for carbon taxes in the context of his Nobel Prize-winning 
work on ‘integrated climate assessment models’ that take account of the inter-
actions between the environment; and its range of physical systems, and across 
the economy. His model seeks to optimise that relationship, by determining 
a carbon emission charge that balances the respective costs and benefits of 
climate mitigation. There is also disagreement among economists about the 
level and rate at which carbon prices/taxes need to increase to meet global 
temperature targets.

The economic debate over emissions charges, prices or taxes fuelled a 
super-charged and highly politicised public debate over decades resulting 
in very limited application of carbon taxes across different jurisdictions. In 
Europe, this resulted in a system of carbon trading and hence carbon market 
price. In Australia, an emissions trading scheme (ETS) advocated by Garnaut 
as a carbon pollution reduction scheme (CPRS) operated successfully for a 
couple of years only to be abandoned politically. Finally, in America, a pro-
posed ‘cap-and-trade’ form of ETS promoted by Nordhaus never did get off 
the ground. As in Australia, an effective response to climate change was con-
sequently delayed, if not completely set aside. A far less efficient and effective 
combination of regulatory and incentive measures was put in place.25 It was 
based on unambitious overall decarbonisation targets that needed to be applied 
administratively on a complex sector-specific rather than whole-of-economy 
basis market-based carbon price.
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Introduction

On 8th October 2018, the same day that the Intergovernmental Panel on 
Climate Change (IPCC) brought down its latest dire special report on climate 
change and how the world is actually not progressing too well towards the 
targets of 1.5 degree centigrade, let alone 2 degrees,1 the Nobel Commit-
tee awarded the prize in economics for 2018 to Professor William Nordhaus 
for Yale University. The Committee’s citation was for his contribution ‘for 
integrating climate change into long-run macroeconomic analysis’ and for his 
associated advocacy of a global policy of carbon pricing for long-term sustain-
able economic growth.2
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The Interview

ML: Warwick, what is Nordhaus’ contribution to integrating climate 
change into long-run macroeconomic analysis and forecasting?

WMcK: The first very important contribution Bill made was in the early 
1970s where he redefined the concept of economic welfare and how 
you measure ‘well-being’, which was arguing that it’s not just how 
much we produce in the economy, but it’s the quality of the environ-
ment. Subsequently, he invented two of the major economic models 
that look at the links between the economy and climate, and the 
feedback of climate back into the economy. One is called DICE,7 
and the other one is RICE.8 Bill pioneered both the way in which we 
think about measuring economic well-being as well how we might 
go about modelling it.9

ML: What did Nordhaus contribute to the measurement of economic 
well-being and how was that an advance on what economists had 
been doing about the environment?

WMcK: Most economic models focus on what we can measure and so the idea 
of gross domestic product (GDP) or the ‘value added’ in the econ-
omy is a very narrow definition of what people value. Bill’s argument 
was that you need to take into account environmental benefits, the 
quality of the environment, a range of activities which are very hard 
to measure, but because you can’t measure them doesn’t mean that 
they’re not important. He was one of the pioneers in that area and 
it’s now broadly developed into the field of ‘ecological economics’.10

Bob Costanza,11 who’s a colleague at the ANU, was at the fore-
front of developing that idea of thinking more broadly about the 
economy and economic welfare. There’re various ways of measur-
ing the value of the environment.12 One way is to do surveys, and 
another is to see how much people are willing to pay to use national 
parks. My own research is more focused on the costs and benefits of 
climate change specifically.

ML: Could you explain the significance of Nordhaus’s integrated assess-
ment models?

WMcK: I’ve been involved with the IPCC working along the lines of the work 
of Bill Nordhaus. In the early stages, people were looking at just the 
economics of climate policy, the economics of environmental policy. 
The economists were working in one area, scientists in another and 
engineers designing energy systems in yet another. The problem was 
that the climate issue is so encompassing that you needed to get all 
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of those groups into a framework to work out not only their own 
expertise but also the interlinkages. What Bill Nordhaus did in the 
DICE model was to build in the impact of emissions from economic 
activity through the long-term concentrations of CO2 climate green-
house gases and, then feeding that back into the economy and the 
interaction between the economy and the energy system. It was quite 
a simple concept to do a very complex task and even now there is a 
debate about how useful integrated assessment models are.

My decision not to build an integrated assessment model was 
because I  thought we didn’t even know enough about the eco-
nomics. So the modelling that I  did was a much more detailed 
economics-energy interface, leaving the climate story to the climate 
scientists to feed into my framework and give informative feedback to 
them. I prefer to have a much more complex economics framework, 
whereas what Bill was able to do is still controversial because some of 
these issues are very complicated. To make them simple enough for an 
all-encompassing model you have to cut corners. His work did change 
the way in which people thought about the whole issue of climate 
policy and the economics of transitions from a carbon-based system 
to a non-carbon-based system, and so it is a significant contribution.

ML: The Nordhaus integrated model sounds like it’s a multi-disciplinary 
exercise with a combination of physics, chemistry as well as econom-
ics where he links a carbon circulation model to a climate model and 
an economic growth model. Your modelling doesn’t straddle those 
three spheres, so what is your approach to the integration of the sys-
temic disciplinary insights and interactions?

WMcK: Our argument is about what determines the level of emissions in 
the economy. Early on in the IPCC process when we were doing 
model comparisons, lots of people took GDP economic growth rates 
as given and fed them through an energy model and that would 
tell you the level of emissions. Our work suggested that actually, 
no, that’s not the right way to think about this. What determines 
economic growth and what determines your energy system are hap-
pening at the same time. Some sectors in the economy are grow-
ing very quickly, but they’re not energy intensive and other sectors 
are growing more slowly in their energy intensiveness. The ratio or 
the relationship between energy use and CO2 emissions and GDP 
will be determined simultaneously, and so you can’t just take the 
economics and feed it to the engineers, and you can’t just take the 
technology and feed it in separately. You have to do the whole thing 
simultaneously.

Economic growth can come from a variety of different inputs, 
from energy usage, the productivity of labour or new technology. 
Technology may be saving on fossil fuel use or it may be using fossil 
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fuels, so you need to go down into the deep economic structure 
to understand if you’re going to change the relationship between 
measured GDP and energy use, and CO2 emissions. You have to 
know the structure of the economy. The fact is that some manufac-
turing sectors use a lot of energy while services don’t use very much. 
When you’re doing these long-term projections you need to model 
the composition of the economy and how it changes, in response to 
government policies, market changes and demographic changes. The 
economics is quite complicated, the modelling of the economy in 
Bill’s models is very simple and economists can criticise the model for 
not getting the economics right. The climate scientists would prob-
ably criticise it because he simplified the climate science too much, 
and the chemists could probably criticise it for that reason. You do 
have to simplify to build a model in many different dimensions. The 
results of the model are interesting, but I think from a policy point 
of view you still need to have all the various groups working together 
and talking to each other to come up with an integrated framework.

ML: Do you believe that it’s a quixotic endeavour that Nordhaus embarked 
upon or do you believe that over time it might be the way that things 
will develop?

WMcK: It was important that Nordhaus did that because it showed the inter-
dependence, some very important insights, and the feedback loops 
involved. Again, there’s a debate about how quickly the emissions 
and concentrations will feed into temperature. In my model, it’s 80 
or 100  years into the future before there is serious feedback, and 
so we were more focused on the short-term policy framework for 
changing the structure of the economy rather than trying to get the 
environmental feedback on the economy as a core part of our focus. 
It’s very important that it’s there, but you can’t build a model that’s 
complicated enough to be able to answer some of the deep policy 
questions, but still simple enough to understand the issues well.

ML: You mentioned that you’re focused on an economic model. The 
modelling of economic growth has a long history, and one of the 
conventional approaches is the Robert Solow approach.13 I  notice 
that this Nobel Prize award to both Nordhaus and Romer citing 
them as integrating, on the one hand, knowledge and technology; 
and, on the other, the natural world or the environment, into stand-
ard economic growth models. To what extent did the models that 
you’re working with reflect those features, as distinct from the tradi-
tional Solow capital and labour drivers?

WMcK: One thing I would suggest is that the person who should have won 
the Nobel Prize with Bill Nordhaus was Marty Weitzman from Har-
vard,14, 15 because Marty actually was a leader before Bill in thinking 
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about climate policy and how to deal with environment–economy 
interactions. Paul Romer should have won the prize next time on 
economic growth, with Robert Barro, who is also a professor at 
Harvard.16

So, I  was actually betting on a Nordhaus-Weitzman combined 
award. I worked with both of them in terms of exchanging ideas. 
They were very closely related, and Marty actually predates Bill in 
terms of some of the early environmental work. Having said that, 
the Romer work is important for the climate debate because we just 
don’t understand the way in which technology evolves in our model-
ling framework: we go back to a more classical growth framework 
in various versions of ways in which technology can impact on the 
economic outcomes, but we don’t model the endogeneity of that, or 
the way in which technology responds to incentives.

We analyse ‘scenarios’.17 We say, these are the bits of the system we 
understand and we feed in drivers like assumptions about population 
growth, and it will tell us what will happen to emissions, what will 
happen to energy use. Then we do a different scenario about how the 
future might evolve. We do four or five different future scenarios and 
then we look at the emission profiles under those different worlds. 
Then we define various types of policy interventions and see how 
those profiles will change. We’re not trying to forecast the future 
because that is a very difficult thing to do on the time frames that 
matter. But we are trying to understand the key sensitivities, the key 
drivers and the policies that are likely to have the biggest impact in 
terms of biggest emissions reductions at lowest economic costs.

ML: You’ve made mention of the utility of these models, including yours, 
for policy prescription on climate change measures. Nordhaus wrote 
on policy aspects, presumably based on his model work, and in a 
pretty accessible way, in his well-known book Climate Casino.18 He 
talks about the environment and climate as a ‘public good’ and which 
he instances, as an example of ‘market failure’, that somehow requires 
government intervention. How do you see his policy analysis and 
prescriptions?

WMcK: I  agree completely with Bill’s framework. The obvious thing you 
need to do, and I  think people get this wrong, is they think if we 
deal with the energy system, we solve the problem. In fact, most of 
the CO2 emissions and all greenhouse gas emissions in any economy 
don’t come from electricity generation. They’re coming from broad 
economic activities like agriculture, like transportation and a whole 
range of uses, so what we want to do from an economic point of view 
is change people’s behaviour in how energy or how CO2 emissions 
are created in their system and how people use energy as well as pro-
duce energy.
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You really need to change the behaviour of many, many people 
and firms in the economy, not just a couple of electricity generators. 
That’s a general proposition and the only way you can do that from 
an economics point of view, because there are so many decisions that 
are being made you cannot regulate each decision, is to change the 
price of carbon in the system so that when people look at the costs of 
their activity that they bear, then they will change their behaviour. So 
Nordhaus would argue for a carbon tax or a carbon pricing mecha-
nism. The subtleties are you might use a different pricing mechanism 
in different countries because of the structure of the economies and 
the political situations. But pricing carbon in his view and in my view 
is the foundation of any of the policy changes. Whether there’s tech-
nological innovation or a whole range of other government interven-
tions for getting a price on something that you don’t want.

ML: Why can’t the market find and respond to an appropriate price with-
out intervention? What’s leading to this ‘market failure’?

WMcK: The ‘market failure’ is that my own behaviour not only affects what 
happens to me but also leads to CO2 emissions which will affect what 
happens to you. My individual actions end up changing the envi-
ronment or changing the climate, and that’s not being taken into 
account in my own decisions. There’s no market that’s pricing the 
quality of environment and the idea of pricing carbon is to put a price 
on something which is impacting on the economy or impacting on 
individuals so that they can then take that price and ‘internalise’ it. 
In this way, they take that price into account when they’re making 
their decisions because now their own actions will affect the system, 
and the system will affect back on their own actions, and so it creates 
a market that’s otherwise missing.

ML: What considerations are involved in trying to estimate a proposed 
carbon price for policy purposes? Do the models help with that?

WMcK: They do help actually. There are two general approaches theoreti-
cally, in the literature. One is a carbon tax where you tax people 
who emit carbon and that tax optimally would rise over time because 
we’re trying to get the emissions to fall over time. The alternative 
approach is to say that to emit a unit of carbon, a company needs to 
have an emission permit, and these emission permits are issued by the 
government and people who emit have to buy one, in which case the 
market will determine a price.

These are two different approaches because, in one case, you’re 
setting the price path for the tax; in the other case, you’re setting 
an emissions target and the market will give you a price that will 
be changing over time. The third approach that Peter Wilcoxen 
and I  invented is called a ‘hybrid’, which is in between the two of 
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those approaches,19 and which we made when we were modelling 
the Kyoto Protocol around 1997 for a volume that Bill Nordhaus 
edited. We made the observation that if we did ten ‘scenarios’ of the 
IPCC model comparison people had asked us to run and we took 
those ‘futures’ of the world and imposed the Kyoto Protocol as it 
was being negotiated, the world ‘blew up’ eight out of ten times.20

This was because the amount of ‘adjustment’ that was needed 
by countries buying and selling permits across borders, the changes 
in exchange rates and trade, were so great that our model couldn’t 
solve it. We discovered that under different ‘futures’; in two of the 
futures that we considered the Kyoto Protocol worked, but eight out 
of ten times it didn’t work. As a result, we decided to come up with 
a framework that works in our model ten out of ten times, and that 
also would work in other people’s models, in case their world was dif-
ferent than ours. That’s how we came up with the ‘hybrid’.

ML: What does your modelling show about the impact of these various 
interventions on the growth of the economy and on innovation in 
the economy, and does it bear any relationship to any estimates of the 
economic damage costs?

WMcK: It depends very much on the ‘future’ that you project in the sce-
narios. We did a study for the Abbott Government (2013–2015) 
of what Australia’s target should be going into the Paris nego-
tiations. We looked at four different ‘future’ targets under one 
assumption about economic activity in the future, and we mod-
elled 26% to 28% as our average approach, so that’s the target the 
government took.

Given the scenarios that we fed in, that would cause a roughly 
1% lower level of GDP by 2030, which is a very small change in the 
growth rate between now and 2030. That’s less than the environ-
mental damage that a lot of people have forecast would impact in 
a global system. The key difference here though is you’ve got to be 
careful because Australia’s actions alone have very little impact on 
the climate; where economic costs were going to be probably from 
an Australian point of view, larger than the avoidance of damage if 
Australia acted alone.

The key here is that Australia has to be part of a global framework 
so that then the ‘public good’ aspect will swamp the short-term eco-
nomic costs for a country like Australia, but it has to be a coordinated, 
clear and sustainable approach. Because any country like Australia 
acting alone doesn’t in itself have much impact on the climate.

ML: Despite what appears to be a broad consensus in mainstream eco-
nomics that a carbon pricing mechanism of some sort or other is the 
way ahead, the political situation in trying to get action on climate 
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change is ‘toxic’. It’s not only toxic within individual countries, 
including Australia and America where it is stymieing action but on 
a global scale it might be viewed as a manifestation of what is called 
the ‘tragedy of the commons’ – that no individual country has much 
incentive to do anything in the way you’ve been suggesting for Aus-
tralia, unless everyone else does it. And if no one else does it, basi-
cally we end up destroying the ‘public good’ that is a healthy global 
environment. Is that correct?

WMcK: That’s right, but I  think there is a solution, and that’s what we’ve 
been arguing for a very long time. The first issue is to get away from 
the idea that we have to have a precise target and all countries have to 
have the same sort of target. This is not a good strategy because the 
actual emission reductions in a world where you cut emissions where 
it’s cheaper to do so would have some countries cutting a lot with 
other countries not cutting very much.

At Kyoto and Copenhagen, people argued for targets without 
acknowledging the costs, and the costs are what politicians and the 
public worry about. The way to think about climate change is not in 
a targeting framework. It’s to say how much are we willing to pay as 
an insurance mechanism against the uncertainty of climate change. 
That uncertainty is a real cost to the economy. Even if you don’t 
believe in climate change, if you’re a complete sceptic, you cannot 
argue that there isn’t uncertainty about whether climate change is 
going to be costly or not, or uncertainty about the policy frameworks 
of governments, which have real economic costs if you keep chang-
ing them.

Australia is a classic example. In the study I did for the Abbott 
Government, I  slipped in an appendix which looks at the cost of 
Australia not taking action and what it does to the cost of capital 
in energy generation alone. That uncertainty has a bigger economic 
cost than the policy of taking action, so doing nothing is not the 
right strategy. Doing something that enables low-cost reductions and 
ramping up if needed as an insurance premium is the way in which 
you can take the ‘tragedy of the commons’ and make it in the inter-
ests of every country to take action. If every country takes action, the 
‘commons’ effect will be much more handled at an aggregate level. 
We can get around it if we get away from this idea of extremes, noth-
ing or absolute shutting of the economy: the reality is in the middle 
and we can design policies to solve this ‘tragedy of the commons’.

ML: That all sounds rational in regard to climate change, but the reality 
of ‘political economy’, globally and within countries, in respect of 
renewable energy technologies is a case of ‘disruptive technologies’ 
encountering formidable walls of opposition from existing vested 
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interests that have a lot at stake in not seeing any solution adopted, 
at least for the moment.

WMcK: That’s exactly right Michael. That’s why the ‘hybrid’ approach that 
Wilcoxen and I’ve written about seeks to create ‘constituencies’ 
within an economy that find it in their own financial interest to not 
block the policy. We have a system of creating rights to emit carbon, 
which are very valuable, and are given out to carbon-intensive busi-
nesses and households. If they act to destroy the carbon policy, those 
assets will go to zero in value and their balance sheet would be better 
sustained by encouraging the policy rather than opposing it.

We’ve designed economic instruments that can be thought of as 
‘climate bonds’,21 that encourage corporations and oppositions to 
actively support the policy, because you have to have a policy that’s 
bipartisan. Until you get bipartisan support, nothing will work but 
once it’s bipartisan, you can lock in the constituencies using financial 
encouragement so that they no longer oppose it. That’s one of the 
strengths of our approach in that it deals with the political opposition 
as well as the economic incentive.

ML: All strength to your ‘hybrid’ approach Warwick, because we seem to 
be a long way both domestically and internationally from any sort 
of bipartisan approach to resolving the political economy of climate 
change transition. You’ve mentioned ‘scenarios’ a number of times 
and the one now looming is an overshooting of the 1.5 degree target 
which will lead to all sorts of disruption around the globe. As usual, 
the rich will adapt and the poor won’t be able to. It’s not actually a 
very attractive global scenario is it?

WMcK: Well, it’s not, but my focus over the last five years has been on devel-
oping countries, particularly China, Brazil and India.22, 23, 24 This is 
where the ideas that Wilcoxen and I have put together can have a real 
impact, if we can get ten of the main countries, that’s 90% of global 
emissions.25 You have to leave Trump’s America out to the side for 
the moment, but there’s still a great opportunity to put in place good 
policies in many of these countries where their future investments in 
all sorts of energy use and energy generation haven’t been made yet. 
You can encourage them to move in a direction which makes the 
costs of their adjustment so much lower.

There are options out there, and it would be ideal if Australia led 
the way by building demonstration models of how you can actually 
implement this policy, as we have done domestically with Reserve 
Bank monetary policy and with Productivity Commission microeco-
nomic reforms.26, 27 These institutions have been powerful in making 
the argument and having it widely accepted by developing long-term 
frameworks that support economic growth. We can do that to help 
solve the climate change problem. However, America is really the 
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key problem right now because it is the second biggest emitter in the 
world and it needs to be ‘inside the tent’ at some point.

Conclusion

Economics can provide a framework for climate change transition policies that 
enable sustainable long-term economic growth. This has been demonstrated 
by the Nobel Prize-winning work of William Nordhaus and his develop-
ment of economic models that integrate growth economics with the insights 
of physical sciences and the global climate cycle. Such models provide for 
important feedback loops between emissions levels, environmental damages 
and economic growth. However, the inherent technical complexity of the 
systems they integrate and the technical simplifications necessary to enable 
feasible modelling has led to alternative models that rely on building a range 
of ‘scenarios’ to provide the feedback loops and sensitivity testing within the 
interrelated systems, and that more explicitly recognise the varying industry 
structure relationships between emissions and economic activity across all sec-
tors of the economy.

Valuing the environment by taking account of costs imposed by producers 
and consumers on others but not priced in markets is a central idea to the eco-
nomic approach. Balancing the environmental costs of climate change against 
the costs of mitigation can be achieved at lowest cost by taking account of the 
emissions levels recommended by science and establishing property rights for 
polluters up to those limits. These market-based economic solutions involving 
a ‘carbon price’ internalise previously unpriced external costs on others of pol-
luters’ activities, thereby changing behaviour across the economy. However, 
‘toxic’ political ‘status’ has effectively hindered effective, sustainable climate 
action along these lines particularly from vested interests in the electricity and 
fossil fuel-based sectors that will carry most of the mitigation costs.

This resulting policy ‘paralysis’ that confronts the globe with the ‘tragedy 
of the commons’ can be overcome by a ‘hybrid’ approach that moves away 
from policy based on setting overall targets and a single carbon price. The real 
financial costs and business risks imposed by climate and policy ‘uncertainty’ 
on the cost of capital in different economic sectors and indeed countries can be 
treated as’ polluters’ ‘insurance’ for their assets in the form of ‘climate bonds’. 
These would create ‘constituencies’ with direct financial stakes of self-interest 
rather than imposed costs, thereby transforming the ‘political economy’ of 
opposition to more draconian ‘all or nothing’ approaches to policies for cli-
mate change transition that involve carbon pricing and setting emissions tar-
gets and prices.
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Introduction

The notion of a ‘circular economy’ might sound esoteric but be assured 
that we’re all caught up in it every day in our homes, our jobs and our 
lives.1 It’s a topic more commonly, but more narrowly referred to as waste 
management and recycling and is also associated with the term ‘zero-waste’ 
economy.2

We have, for some time, been diligently separating our household waste 
streams and placing them in various coloured bins for pick up and recycling by 
our local councils who charge us for the service in our rates. However, we’ve 
now come to realise that this waste recycling stream is not perhaps working as 
well as we thought, or delivering what it should.

It has been described as being in a state of crisis around the country,3 in 
all the Australian states and by local governments as a broken system. The 
fact is that we’ve been exporting a lot of our waste to neighbouring develop-
ing countries including China,4 and Indonesia, and now they’ve told us that 
they’ve had enough and are refusing to take our waste streams anymore. We 
are now faced with the question of what we are going to do with all the waste 
that we generate.

And there’s a lot of it. Four and a half million tonnes a year. Waste manage-
ment is a big industry, with a turnover of $15 billion, some 20,000 people 
working in it directly and hundreds of companies; but they don’t seem to have 
the capacity to cope with the waste stream here in Australia.5

So what’s going on? There seem to be many business opportunities and 
available technology. How should we be approaching and innovating to han-
dle our waste management streams more efficiently, effectively, and sustain-
ably? How can enterprises build sustainable competitive advantage by using 
less? The answer lies in the idea of the ‘circular economy’ and the decoupling 
of growth from resource use and waste.6

Keywords: Circular economy, design engineering; innovation; life cycle 
engineering; linear economy; material separation; recycling; SDG 9; SDG 12; 
SDG 13; sustainability, waste management; whole-of-life cycle; zero waste
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Interviewee Profile

Professor Sami Kara (SK), University of New South Wales (UNSW), Sustain-
able Manufacturing and Life Cycle Engineering, School of Mechanical and 
Manufacturing Engineering, is a specialist and widely published engineer,7, 8  
with 30  years’ experience in the waste management stream in industry, 
research and tertiary education. He has worked with many companies and 
is the founder of the Life Cycle Engineering Research Group, UNSW, that 
delves deeply into these matters.

The Interview

ML: How have we reached this dire point of crisis with our inability to han-
dle our waste streams including, in particular, the recycling stream that 
we’ve all put so much time and energy and money into in recent times?

SK: There are many stakeholders involved in this whole process and you 
need to look at it as an ‘end-of-life’ product management rather than 
just recycling, because recycling is only one means of waste manage-
ment. Ultimately, waste management is a business. For instance, if you 
have a manufacturing business, you buy material, invest in your factory, 
produce something and then hope that the customer will pay at the end 
so that you can recover your expenses and make a profit.

Whereas if it’s a waste management business, you are actually paid at 
the beginning. So what you need to do is come up with strategies to uti-
lise that waste. Otherwise, if you just send it to landfill sites it’s going to 
cost you money. Whether or not a company recycles a material depends 
on the recycled material market and costs; if the market is flooded with 
recycled material, you have to come up with alternative strategies to 
manage that waste. At the moment, a common problem in developed 
countries is that material separation and recycling is fairly costly and the 
cheapest alternative is to send it where the waste management’s cost is 
lowest.

ML: So that’s why we’ve been exporting this material since it is scarcely eco-
nomical to do otherwise. Even so, the industry has been struggling as 
reported, on ABC Television’s Four Corners and elsewhere.9 We even 
ship the stuff across state borders; rather than to bury it in New South 
Wales, we take it across to Queensland. This does not sound like a sys-
tem that is well conceived and operated either from a business point of 
view or from a government regulatory point of view, does it?

SK: Again, it’s purely economics driven so that if landfill cost in one of the 
states is cheaper than that in another state then the companies shift their 
waste disposal to the cheapest state. This is no different to sending our 
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waste to developing countries where the treatment is cheaper. It’s the 
same market mechanism at work.

ML: Yes, but it’s not actually creating any value and utility, let alone environ-
mental sustainability, is it?

SK: These are two separate issues here that need to be looked at carefully: 
the economic utility and the sustainability aspect.

In terms of economic utility, whether we separate our waste and then 
collect it, and then go to a recycling centre, even if the product is recy-
cled, what needs to happen is that there is an end-user for the recycled 
material. Take plastics, for instance, recycling it means turning into a 
granulated raw material and then hoping that there’s going to be an 
end-user who is going to take this raw material and turn it into product 
again.

But that’s an overly simplified assumption because depending on the 
waste material type there is a ‘degradation’ process, meaning that if it’s 
a plastic it may or may not be the same as the virgin material. Even 
for highly recycled materials such as aluminium and steel there could 
be contamination problems. So, if you are a manufacturer and want to 
utilise these recycled materials you need to go back to square one and 
start designing products to take into account these uncertainties in the 
recycled material properties.

There are a number of ways to tackle this issue from my background 
in design engineering. You can design to take account of material deg-
radation. For instance, if the recycled material property is lower than the 
virgin material, you need to come up with a different design to compen-
sate so that you can provide structural integrity to the product. Other-
wise, there are going to be consequences functionally and the product 
may not fulfil its role. So, it’s OK if at the front end we can separate the 
material for recycling; but if there is no user for that material, the loop 
actually is not closed. We are then spending an awful lot of resources of 
time and money to collect and recycle material from the waste stream 
but it is not fed back to the materials stream to be reutilised.

ML: From what you’re saying we’re confronting both a challenge and an 
opportunity that runs across all sectors of the economy, all arms of man-
ufacturing and a whole range of different materials. This is a big idea 
that we need to confront about the sort of technologies and business 
models that we’re using to try to optimise from both an economic and 
business point of view, and an environmental and energy point of view.

The concept of the ‘circular economy’ appears to embrace this idea in 
a new unified theory which reconciles business and growth with environ-
ment and sustainability. It’s described as potentially ‘disruptive’ across all 
these industries and stakeholders.10 It seems to represent a transition 
from what we’ve been discussing: a traditional ‘linear economy’ with 
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companies that ‘make, use and dispose’ or ‘take, make and waste’; but 
it’s not a closed loop.11 So what is this idea of the ‘circular economy’?

SK: It’s not new and has been around more than 50 years under different 
names, such as ‘cradle to cradle’,12 ‘performance economy’, ‘biomim-
icry’, ‘industrial ecology’, ‘closed-loop systems’.13, 14 The main concept 
is systematically designing out waste and pollution from products and 
keeping the products and materials in use as long as possible while 
regenerating the natural environment.

ML: And that would apply not only within one manufacturing enterprise but 
also across the sector and the broader economy?

SK: This is an interesting point that you’re making, because some of the con-
cepts such as ‘closed-loop’ systems were developed, for instance, during 
the late 1990s by companies like Fuji, Xerox and Ricoh who called it 
‘Ricollect’.15 They developed their own understanding of ‘circularity’ as 
literally keeping the materials and product in use as long as possible with 
the main aim of minimising what went to landfill. The biggest difference 
is that it was a bottom-up approach coming from the company perspec-
tive, whereas this ‘circular economy’ is more of a top-down approach 
with huge political backing behind it. The essence of ‘circular economy’ 
is closing the material and product loop, and hoping that it will prevent 
primary production.

ML: As you say, this has got a strong top-down political element. For exam-
ple, the EU put in place an action plan with funding for various activi-
ties, such as a zero-waste strategy where different communities and 
clusters of businesses can recycle stuff around between themselves.16 At 
heart, this seems to involve a disruption to the business models at the 
enterprise level. As you were saying, where they’ve got to rethink right 
from the early stages of creativity of product and service design, through 
manufacturing, marketing and communication, right out to price and 
supply. Is this what you call ‘life cycle engineering’?

SK: That’s correct. The products need to be designed for the entire ‘life cycle’, 
not for one particular stage. You opened the conversation making an 
analogy that the ‘circular economy’ is effectively a recycling issue. There 
are a number of strategies under the circular economy from designing 
products for longer use or longevity, reusing the product, reusing the 
components to need, manufacturing, repairing and then recycling.

Recycling for material content and energy comes as a last step in 
this cycle. To achieve this from the technology perspective, we need to 
design products with that in mind. Products need to last longer, once 
they come to ‘end of life’, we need to be able to dismantle it easily so it 
needs to be designed for ease of recycling. That’s essentially about engi-
neering for the ‘whole-of-life’ cycle.
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ML: So, it is the whole ‘value chain’ that an enterprise, a manufacturer or 
sector has to re-engineer and their business models in the sense of how 
and where they’re going to make their investments and returns? Does 
this concept extend to the manufacturer’s responsibility for the product 
both in use by consumers or in the market, and even beyond that onto 
the ‘waste’ stream?

SK: That’s correct. Let’s step back to the ‘big picture’ and ask what the 
‘circular economy’ is trying to address. We have two pressing issues: 
limited resources and environmental pollution. From an environmen-
tal perspective the earth’s ‘carrying capacity’ is limited in terms of the 
amount of pollution load it can carry. On the other hand, we have 
limited resources to provide for the material needs of society. For 
instance, the United Nations predicts a global population of around 
10 billion by 2050. If everyone wants to have a lifestyle similar to us, 
and pollution is already a serious concern, the question arises from 
a ‘circular economy’ perspective, how much can we produce? Can 
we produce small enough amounts of pollution to stay within the 
earth’s ‘carrying capacity’ as well as providing enough goods and ser-
vices using limited resources to sustain society’s lifestyle? That’s the 
big-picture question.

ML: There do seem to be big business opportunities in these challenges. It 
is estimated that as early as 2030 there is a global industrial market for 
recycling, waste management and design of $4.5 trillion.17 As we have 
discussed, realising this scale of opportunity in individual companies 
across many sectors requires that they completely reconfigure their busi-
ness models and their value chains. How much innovation beyond busi-
ness model innovation is involved? Do we have, even now in Australia, 
the technologies needed to give effect to these concepts, or are we even 
short on technology?

SK: It is a very good question to look globally at how many products incor-
porate a design mentality from the entire product life cycle perspec-
tive. The Fuji Xerox ‘One-Shot’ camera is a perfect example of product 
design with this concept in mind. People buy it, use it and when they 
are done with it, it goes back to the company who pulls it apart, repairs, 
refurbishes and reassembles it for use again. But when you look at most 
other products that we are using, we have a long way to go. The main 
issue is: can we find a way to achieve one-to-one replacement for primary 
materials, recycled materials or products? Product demand is growing 
with population and affluence so we need to develop technologies that 
have a one-to-one displacement. Otherwise, we also create new business 
opportunities for the recirculated products and that leads to even more 
material consumption and environmental impact. That is a criticism of 
the ‘circular economy’.
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ML: From what you’re saying, there are significant technology challenges 
on the materials and manufacturing process side to realise a circular 
economy on a global scale. Taking recycling as a particular dimension 
rather than an equivalent of the circular economy, here now in Australia 
we’ve got private-sector investment in some technology stock. But now 
we need to suddenly start doing something domestically with all this 
waste that we’ve been shipping offshore. Have we got the technology, 
the skills and the investment or do we need to pile lots of money into 
research and development, innovation and new capital equipment to 
tackle this crisis . . . and opportunity?

SK: Michael, if you take recycling as a purely technical or technological 
problem, whether it’s an ‘open-loop’ system or a circular ‘closed-loop’ 
system, we still need to use the same recycling technology to enable 
that. The real issue is that once we recycle the material and convert it 
to a recycled, raw material to be used for other applications, is there 
enough economic value and a customer willing to pay for it and to make 
the recycling economically viable? That’s the key issue.

ML: So, there are indeed technology and research challenges and opportuni-
ties but essentially what is lacking is a market that will allow the private 
sector to develop profitable and sustainable businesses handling waste 
streams. The Council of Australian Governments (COAG) federal and 
state ministers met and discussed waste management issues. The Prime 
Minister announced a $20 million programme.18

From what you’re saying, the key issue to be tackled is what might be 
called ‘market failure’: that in the normal commercial market the way it’s 
constituted and priced, and with the existing regulatory frameworks we 
can’t sustain commercially viable businesses to handle the waste stream 
in the sustainable ways that we’re talking about?

SK: That’s true. Recycling is just one stage in multiple life-cycle life stages of 
a product. From an economic perspective, a customer has to be willing 
to pay for recycled products. From a technology perspective, the recycled 
material needs to be a substitute for the virgin material; recycled alumin-
ium versus virgin element aluminium needs to be one-to-one comparable.

With growing demand for materials and products, this market situ-
ation is complicated by society’s perception of the use of recycled or 
remanufactured products as substitutes or alternatives to the original. 
Government backing and support is fine and in a free market economy, 
government intervention can act as a catalyst: but to maintain the mar-
ket mechanism there needs to be customer demand to which businesses 
respond at all stages of the product life cycle. At the recycling stage, 
that means a downstream customer, a manufacturer, a building industry. 
Whatever their business, they need to create demand for recycled prod-
ucts to sustain the recyclers.
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ML: So how does this happen? It doesn’t seem to exist at the moment, which 
is why presumably we now face some sort of crisis because we can’t ship 
out our waste. As we’ve discussed, companies need to reconfigure their 
value chains, their technology and their business models. So why aren’t 
they? On the other hand, in waste markets is there a direct role for gov-
ernment procurement? For example, in purchasing recycled plastics for 
use in road construction and maintenance? Is there a role for govern-
ments as a customer to create markets? It certainly doesn’t address the 
full range of market opportunities you’re talking about though, does it?

SK: What is required is reduced environmental impact with less production 
and less consumption. But we are not talking about sacrificing living 
quality; we tend to confuse lifestyle goals with living standards. Our 
lifestyle is highly wasteful consumption in greater quantities whether 
needed or not. At the core of this discussion, we should not miss the big 
picture, which is the reduction of the environmental impact by aiming 
for less production.

ML: What are the incentives or barriers in the way of what sounds like a sen-
sible proposition that you’re putting about minimising environmental 
impact? Is the answer in government action to effect this shift and not 
just through procurement? Historically, regulations have driven huge 
technological and business model innovations, such as motor vehicle 
safety, emissions and fuel efficiency standards.19 Otherwise, is it going to 
happen with our waste streams?

SK: Government regulations can play a catalyst role, but in the meantime, 
what needs to happen is that companies need to come up with technol-
ogy solutions to enable such a concept and society needs to be educated.

ML: Education is fine. We can all watch the ABC’s television shows and Craig 
Reucassel’s popular presentations about how we should all be recycling 
stuff and his gathering heaps of plastic bottles in Martin Place.20, 21 That’s 
all education, but where’s the real incentive for business to change the 
way it does business in the ways we’ve been talking? Will it come from 
everyone’s watching shows like this and then buying all the right prod-
ucts and sending all the right signals to businesses?

SK: Of course, it’s not only the societal element that I hope is right. To move 
from a linear to a circular economy there needs to be business benefits 
for the companies to become involved as well, and eventually someone 
is going to pay for it.

Conclusion

The idea of the ‘circular economy’ poses a challenge and an opportunity for 
sustainability through innovation. There is a long history of such ideas and 
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practices under a variety of names such as ‘closed-loop’, ‘cradle-to-grave’, 
‘whole-of-life’ product cycle, etc., variously adopted by individual enterprises. 
Latterly, governments have promoted such ideas and intervened in a number 
of ways with policies, programmes, regulations, funding and incentives. A sys-
tematic approach to the circular economy or zero-waste economy involves a 
variety of stakeholders from consumers through to businesses who need to 
completely rethink their ‘lifestyles’ and their ‘business models’, respectively. 
Products need to be reconceived and redesigned to minimise the waste stream 
and environmental impacts at every stage in the ‘whole-of-life’ product cycle: 
design, manufacture, distribution, repair, recycling and re-use.22 Consumer 
education can change perceptions and behaviour to more sustainable practices.

Exemplifying the challenges, one component of the life cycle attracting 
popular attention involves recycling at the end of product life. Left to market 
mechanisms alone this, neither effectively designs for minimal use of materi-
als, their efficient recovery and re-use nor creates adequate price signals in the 
market to incentivise business value chain reconfiguration or investment in 
viable waste management businesses.

There is ‘market failure’ in waste management with no effective market 
demand for recycled materials as recently evidenced by the glut in global recy-
cled product markets. The main challenge for technology and design is: can 
we find a way to achieve one-to-one replacement for primary materials, recy-
cled materials or products? Product demand is growing with population and 
affluence so we need to develop technologies that have a one-to-one ratio 
displacement. Otherwise, we also create new business opportunities for the 
recirculated products and that leads to even more material consumption and 
environmental impact. That is a criticism of the ‘circular economy’.

Notes
 1 This is a practical guide from one of the ‘fathers’ of the ‘circular economy’: Stahel, 

W.R. (2019) The Circular Economy: A User’s Guide, London: Routledge
 2 This article describes the consumer movement to produce no waste at all, send-

ing nothing to landfill based on five principles  – refuse, reduce, reuse, compost 
and recycle: Mangla, A. (2020) Zero waste movement: A closer look, Yale News,  
1st October https://yaledailynews.com/blog/2020/10/01/zero-waste-move 
ment-a-closer-look/

 3 Morton, A. (2020) Australia’s recycling crisis: Is the government’s $190m on 
new infrastructure worth it?, The Guardian, 6th July www.theguardian.com/
environment/2020/jul/26/australias-recycling-crisis-is-the-governments-
190m-on-new-infrastructure-worth-it

 4 Gellerman, B. (2019) How a new policy in China has led to a recycling crisis, WBUR, 
19th March www.wbur.org/news/2019/03/19/recycling-massachusetts-china- 
effect

 5 IbisWorld (2023) Waste Treatment and Disposal Services in Australia, Market Research 
Report, 13th July www.ibisworld.com/au/industry/waste-treatment-disposal- 
services/5024/

 6 Lacy, P., Long, J. and Spinder, W. (2019) The Circular Economy Handbook: Realis-
ing the Circular Advantage, London: Palgrave Macmillan

https://yaledailynews.com/blog/2020/10/01/zero-waste-movement-a-closer-look/
https://yaledailynews.com/blog/2020/10/01/zero-waste-movement-a-closer-look/
http://www.theguardian.com/environment/2020/jul/26/australias-recycling-crisis-is-the-governments-190m-on-new-infrastructure-worth-it
http://www.theguardian.com/environment/2020/jul/26/australias-recycling-crisis-is-the-governments-190m-on-new-infrastructure-worth-it
http://www.theguardian.com/environment/2020/jul/26/australias-recycling-crisis-is-the-governments-190m-on-new-infrastructure-worth-it
http://www.wbur.org/news/2019/03/19/recycling-massachusetts-china-effect
http://www.wbur.org/news/2019/03/19/recycling-massachusetts-china-effect
http://www.ibisworld.com/au/industry/waste-treatment-disposal-services/5024/
http://www.ibisworld.com/au/industry/waste-treatment-disposal-services/5024/


98 Interview With Sami Kara

 7 Abdoli, S. and Kara, S. (2020) A modelling framework to support design of com-
plex engineering systems in early design stages, Research in Engineering Design, 
31, January: 25–52

 8 Hauschild, M.Z., Kara, S. and Røpke, I. (2020) Absolute sustainability: Challenges 
to life cycle engineering, CIRP Annals, 69 (2): 533–553

 9 This report exposed the hidden, big business, waste industry of rubbish and where 
it ends up:

   Ferguson, S. (2017) Trashed, Four Corners, Australian Broadcasting Commission 
(ABC) TV, 7th August www.abc.net.au/news/2017-08-07/trashed/8770146

 10 Kirchherr, J., Bauwens, T. and Ramos, T.B. (eds) (2023) Special issue: Circular  
disruption: Concepts, enablers and ways ahead, Business Strategy and the Environment,  
32 (3) March: 1005–1188 https://onlinelibrary.wiley.com/toc/10990836/ 
2023/32/3

 11 Taylor, L. (2020) What is the linear economy and why do we need to go circular? 
Planet Ark, Australian Circular Economy Hub, 14th October https://planetark.org/
newsroom/news/what-is-the-linear-economy-and-why-do-we-need-to-go-circular

 12 These authors argue against the conventional ‘cradle to grave’ model involving 
‘reduce reuse recycle’ or ‘downcycling’ in favour of a system of ‘lifecycle devel-
opment’ or ‘upcycling’ initiated in the 1980s: Braungart, M. and McDonough, 
W. (2009) Cradle to Cradle: Remaking the Way We Make Things, London: Ran-
dom House

 13 Winkler, H. (2011) Closed-loop production systems – a sustainable supply chain 
approach, CIRP Journal of Manufacturing Science and Technology, 4 (3): 243–246

 14 Wallace, T. (2022) Closed loop production: Sustainability across the supply chain, 
The Future of Commerce www.the-future-of-commerce.com/2020/01/23/
closed-loop-production/

 15 Graedel, T.E. and Lifset, R.J. (2015) Industrial ecology’s first decade, in Clift, 
R. and Druckman, A. (eds) Taking Stock of Industrial Ecology, pp. 3–20, Berlin: 
Springer

 16 European Commission (EC) (2020) A New Circular Economy Action Plan: For a 
Cleaner and More Competitive Europe https://eur-lex.europa.eu/legal-content/
EN/TXT/?uri=COM%3A2020%3A98%3AFIN

 17 Alves, B. (2023) Waste management market value worldwide 2022–2030, Statista,  
12th May www.statista.com/statistics/246178/projected-global-waste-management- 
market-size/

 18 Morton (2020), op cit. This article reports the commitment to change laws cover-
ing ‘product stewardship’ which are meant to ensure manufacturers and retailers 
take responsibility for the products they sell once they become waste.

 19 Cohen, S. (2013) The Impact of Regulation on Automobile Innovation, Sustainability: 
State of the Planet, Columbia Climate School, 17th April https://news.climate.colum-
bia.edu/2023/04/17/the-impact-of-regulation-on-automobile-innovation/

 20 This is a program series hosted by Craig Reucassel. See: ABC Education (2022) 
War on waste with Craig Reucassel, ABC TV, 12th December www.abc.net.au/
education/digibooks/war-on-waste-from-waste-to-resource/101750678

 21 Spring, A. (2018) War on waste returns: Craig Reucassel dishes dirt on recycling 
crisis, The Guardian, 25th July www.theguardian.com/environment/2018/jul/ 
23/war-on-waste-returns-craig-reucassel-dishes-dirt-on-recycling-crisis

 22 The work by Levitt is a classic formulation: Levitt, T. (1965) Exploit the prod-
uct life cycle, Harvard Business Review, November https://hbr.org/1965/11/
exploit-the-product-life-cycle

http://www.abc.net.au/news/2017-08-07/trashed/8770146
https://onlinelibrary.wiley.com/toc/10990836/2023/32/3
https://onlinelibrary.wiley.com/toc/10990836/2023/32/3
https://planetark.org/newsroom/news/what-is-the-linear-economy-and-why-do-we-need-to-go-circular
https://planetark.org/newsroom/news/what-is-the-linear-economy-and-why-do-we-need-to-go-circular
http://www.the-future-of-commerce.com/2020/01/23/closed-loop-production/
http://www.the-future-of-commerce.com/2020/01/23/closed-loop-production/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2020%3A98%3AFIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2020%3A98%3AFIN
http://www.statista.com/statistics/246178/projected-global-waste-management-market-size/
http://www.statista.com/statistics/246178/projected-global-waste-management-market-size/
https://news.climate.columbia.edu/2023/04/17/the-impact-of-regulation-on-automobile-innovation/
https://news.climate.columbia.edu/2023/04/17/the-impact-of-regulation-on-automobile-innovation/
http://www.abc.net.au/education/digibooks/war-on-waste-from-waste-to-resource/101750678
http://www.abc.net.au/education/digibooks/war-on-waste-from-waste-to-resource/101750678
http://www.theguardian.com/environment/2018/jul/23/war-on-waste-returns-craig-reucassel-dishes-dirt-on-recycling-crisis
http://www.theguardian.com/environment/2018/jul/23/war-on-waste-returns-craig-reucassel-dishes-dirt-on-recycling-crisis
https://hbr.org/1965/11/exploit-the-product-life-cycle
https://hbr.org/1965/11/exploit-the-product-life-cycle


Section II

Climate Change and 
Energy Resources  



http://taylorandfrancis.com


DOI: 10.4324/9781003280316-12
This chapter has been made available under a CC-BY-NC-ND 4.0 license.

Introduction

Renewable energy technologies are having a deeply disruptive impact, 
particularly on electricity markets around the world.1 This is a moment of 
remarkable transition from fossil fuel-fired power stations into renewable 
energy sources of solar and wind power in particular; conventional coal-fired 
power stations are closing and powering down, and here in Australia we’re 
embarking on this potential transformation.2 The electricity industry experi-
enced a similar moment of ‘Electric Ambiguity’3 in an earlier ‘fledgling’ era 
of its development: a moment at which its fate and pathway for the future 
were contested and decided upon. In the late eighteenth century, a ‘War of 
Currents’ was fought on the choice between an industry based either on 
alternating current (AC) or on direct current (DC) with Tesla and Edison as 
the respective proponents.4 It was a protracted and vitriolic debate that chal-
lenged large, vested interests. But eventually, the ‘ambiguity’ was resolved in 
the favour of alternating current and the future path of the electricity indus-
try was set. . .until now.

Driven in large measure by responses to climate change and global warming 
trends and forecasts, governments around the world (including in Australia) 
are actively concerned about this transition to renewable energy supplies.5 
For example, over the last decade or so, global public investments in energy 
research and development have substantially increased, particularly since the 
low levels in the mid-1990s and in the early 2000s.6

In 2016, OECD governments invested in the order of $17 billion, with 
many countries adopting specific strategies, including incentives for adoption, 
and putting in place new institutions and regulations for facilitating the transi-
tion to renewables. Technologies have developed rapidly, including for bat-
tery energy storage, while the price of renewable energy generation has fallen 
remarkably and continues to do so.7

Keywords: dispatchable power; distributed generation; smart grids; 
dis-intermediation; base load; electric ambiguity; war of currents; behind the 
meter; big battery; virtual power plants; SDG 7; SDG 11; SDG 12
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Interviewee Profile

Giles Parkinson (GP) is the founder and editor of the authoritative and widely 
read online renewable energy newsletter ‘renew economy’8 and is an influen-
tial and high-profile commentator on the development of renewable energies 
in Australia. He is a distinguished career journalist, including as business edi-
tor and deputy editor of the Australian Financial Review.9 He has written for 
The Bulletin, The Australian and many other publications.

The Interview

ML: Giles, what’s been happening in recent times with innovation of renew-
able energy technologies, particularly with respect to the economics of 
renewable energy with solar and wind generation costs, and the posi-
tioning of renewable energy in the global energy mix and markets?

GP: The biggest development is the quite astonishing cost reductions to 
which you’ve alluded. The cost of solar has come down about 70% in 
the last five years, and down 98% since 1975. Wind energy costs have 
also fallen quite dramatically. It basically means that across the globe, the 
cheapest form of bulk energy for new construction is undoubtedly wind 
and solar which are now challenging the incumbent power generators 
on cost.

Storage technology is also emerging, so we’re starting to think again 
about pumped hydro, which is an old, well-understood technology but 
with a new value in the electricity system because we’ve got more vari-
able renewable energy coming into the market. We’re also seeing battery 
storage costs coming down quite sharply as the technologies develop 
rapidly. They’re expected to fall even further and to follow roughly the 
cost curve that solar has taken. Some big batteries are appearing in the 
main grid, for example, the Tesla big battery in South Australia, which 
has been a really exciting development showcasing its speed, accuracy 
and versatility.10

It’s a completely new way of thinking about the grid from the old 
style ‘analogue’ systems, with their ‘centralised’ generators, big net-
works, and customers at great transmission distances; compared to this 
new really smart ‘distributed’ digital system where power generation is 
happening everywhere and all over the place.

You’re seeing the emergence of what’s called ‘behind the meter’ gen-
eration referring to households and businesses who see the economic 
advantage in having solar generation on their rooftops – an advantage 
in Australia that is amplified by the very expensive grid prices. Glob-
ally, most serious analysis, including by the major agencies talk of this 
big transformation towards wind and solar, and particularly to this 
‘behind-the-meter’,11, 12 distributed generation system involving rooftop 
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solar, storage battery and demand management.13 That should account 
for probably 45% or 50% of our electric energy supply in Australia within 
the next few decades.

This exciting development is potentially upending the conventional 
electricity market and its business model. Control and influence are 
shifting out of the hands of the big incumbents and to the consumers, 
the households and businesses. There are also new business models and 
technology providers emerging. Although their ultimate form is as yet 
unclear, what we are seeing is a last thrashing death rite of the incum-
bents who are trying determinedly to hinder and delay this transition 
for as long as they possibly can, so they can make as much money while 
they still can.

That’s one of the reasons that we have such ridiculously high prices 
for our electricity as in the ACCC (Australian Competition and Con-
sumers Commission) report.14 It has been known for years but it was 
great to see it finally came out in one report, that consumers are being 
ripped off by network companies, by wholesale generators on the whole-
sale market, and at the retail level. But this has been previously lost in 
the confusion and complexity of the billing process and statements.

Some people simply try to blame the introduction of renewables. 
That’s not the case because the ACCC’s assessment talks about bring-
ing costs down but trying to unravel this is a complex business. Over 
many, many years, the incumbents have hidden behind that complexity 
to charge people like wounded bulls. I’m not sure that it’s going to get 
any less complex, but I think that what it should do is get us smarter, 
cleaner, greener and cheaper electricity sometime very soon.

ML: Although forms of renewable energy have been around for a while, in 
a sense this wave of renewables’ transformation seems to have taken 
people, including the experts, by surprise. I understand that historically 
the International Energy Agency (IEA) was very cautious on renewable 
energies and was predicting a ‘golden age’ for gas, which didn’t actually 
transpire and now seems to be a little passe in strategic terms. Yet, in its 
2017 review, the IEA commented on ‘the remarkable progress in fall-
ing costs in renewables and particularly solar, and remarkable gains that 
have been made by solar in the world markets for energy’.15 Apparently, 
solar power grew by 50% on a global basis in 2016 and by 2022 is going 
to contribute 30% of global energy production. Why has this apparently 
‘snuck up’ on people so much, or hasn’t it?

GP: Well, it certainly snuck up on people like the IEA because they’re a 
very conservative organisation that believes almost entirely in fossil fuels. 
There are very amusing graphs that predicted the take-up of solar; some 
go up quite sharply, some in a moderate way and some almost go flat 
line, and that was the IEA forecast.
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Even though they’ve adjusted them upwards since then, they still can’t 
bring themselves to get really excited about it. Interestingly enough, it 
was Greenpeace that was most accurate and some other more progres-
sive analysts also got closer to the mark. So, it has taken people by sur-
prise. Even in Australia, the cost of installation per megawatt (MW) for 
large-scale solar was until only recently probably more than twice what 
it is now, and it’s still falling really rapidly. That has taken people by 
surprise.

The IEA now actually admits that by 2050 solar will be the largest 
single source of generation across the world; most people think that will 
probably be a great deal earlier.16 The likes of Bloomberg New Energy 
Finance is predicting that for Australia it’ll be 86% wind and solar by 
2050 and about 64% wind and solar across the world.17 They make the 
point that this is not a climate action policy but just a result of econom-
ics. If you think of all the new electricity we need for growing popula-
tions and economies, these cheaper new renewable sources are what 
they say will replace the existing ageing power stations, and account 
for the new generation capacity over the next few decades, basically on 
economic grounds.

ML: There’s certainly been a lot of technological innovation and develop-
ment in the design and production of solar photovoltaic panels. Big 
innovations are also happening around the application of digital tech-
nologies and electronics for the taking, storage and distribution of this 
renewable energy and its integration for stability, reliability and afford-
ability into existing grids. What is that story?

GP: You are talking about ‘inverters’ and ‘battery storage’ in regard to appli-
cation of electronics; inverters are pretty exciting because they can take 
energy output and they can do different things with it. They can either 
use it instantly, they can put it in the box and store it for later, or they 
can interact with the grid to keep a reserve in times of peak demand, and 
they also can provide all these different sorts of network services.

We’re starting to see that with the Tesla Big Battery installed by 
Elon Musk in South Australia,18 and we’ve also seen it with trials for 
what’s called ‘virtual power plants’.19 This is the idea that lots of differ-
ent households and businesses with their individual solar panels will start 
putting in battery storage soon if they haven’t already done so. Using 
technology and the Internet, these will become linked and they can act 
together to provide power when it’s needed, or these network or grid 
services dealing with changes in frequency, for instance, and in any sys-
tem problems they can be used and aggregated, and this is lightning fast.

If you think about the system we’ve got now, let’s go back to this 
analogue version versus digital transformation. These things are incred-
ibly fast, and that’s what we’ve seen with the Tesla Big Battery in South 
Australia. They’re responding in milliseconds to disturbances in the 
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network, and addressing them, which is much quicker than we’ve seen 
with the traditional generators. The grid operators and owners need to 
think completely differently about the way they design and manage the 
grids. A lot has been said about renewables that de-stabilise the grid but 
they don’t really; it is actually a matter of looking at the grid in a differ-
ent way. As with so many great technological transformations, for exam-
ple, from the horse and cart to automobiles, we had to think completely 
differently about the modes of transport.

The same is going to happen in this shift from large, centralised fos-
sil fuel generators to more distributed energy systems which combine 
cheap bulk energy that comes from wind and solar, ‘dispatchable gen-
eration’,20 which could come from batteries and pumped hydro or solar, 
thermal or even a little bit of gas that will stay in the system towards 
the end.

And these ‘smart technologies’21 can do all sorts of different things 
about storing energy, responding to system faults or even things like 
‘demand management’.22 There’s so much of the electricity that we use 
at the moment which we don’t necessarily need to be running all the 
time. So if there is a peak in the system, rather than switching on the 
dirtiest and the most expensive piece of machinery that we can find, 
which is what we’ve been doing for the last 50 years with these diesel 
peak generators, why don’t we get smart and dial down voluntarily 
some load that is not needed now? That could be done by adjusting air 
conditioners by 1 degree or it could be by a manufacturer who doesn’t 
need to have everything switched on at the same time at certain times 
of day.

ML: We do hear in the public debate about the need to maintain ‘base load’23 
and the importance of big coal-fired base load stations to cope with the 
unreliability and lack of stability and storage with renewables and par-
ticularly solar. It does seem though, that what’s being transformed here 
is the very concept and nature of an electricity grid and how it actually 
works. As you say, it’s a big shift, and in part that’s being driven through 
the application of digital technologies to that process. Are the terms 
‘smart grid’ and ‘smart metres’ and ‘demand management’, at the heart 
of this transformation of the electricity sector?

GP: Yes, and that’s what the big debate is about. The political debate is cen-
tred around the need for base loads meaning some coal-fired generators 
and things like that. It’s a term that we’re going to get used to not hear-
ing very much in the future, hopefully, because it really just defines the 
old analogue system.

We used to have these baseload coal generators trundling on through 
the night, that were very inflexible and couldn’t be switched off, and to 
keep them going we had to split or shift all sorts of production. That’s 
why a lot of manufacturing works throughout the night, why all the hot 
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water systems switch on at 1:00 o’clock in the morning. We don’t need 
to do that now we’ve got cheaper wind and solar, and particularly with 
solar coming into the system. We should be switching all those hot water 
heaters not already being heated by solar, and if they’ve got the electric 
boosters or they’re just on electric then that should be done in the mid-
dle of the day. Or we could mix and match to times when there’s enough 
supply so you’re really just thinking about a system.

Michael Liebreich from Bloomberg New Energy Finance is visionary 
on base costs renewables and dispatchable energy.24 It means taking the 
cheapest source of power, wind and solar and generating as much as you 
can when you can, then throwing that into the system effectively as your 
‘base’ for use. It is then made ‘dispatchable’ at the time it is needed, at 
peak demand and things like that.

All this can be done by real-time demand response and storage and 
things like that. That’s the way you construct and operate the system 
by throwing in wind and solar as the cheapest form of electricity with 
storage and dispatchability to meet changing demands. While it sounds 
complicated it’s probably no more so than what we’ve been doing now 
with these inflexible machines trundling away but with these incredible 
variabilities in demand.

Demand changes all the time, it goes up and down, as you can 
just imagine with the different millions of people switching on lights, 
switching off lights, switching on fridges or off, or whatever else they’re 
doing, air conditioner use that changes through the day, that’s managed 
even now. There’s no reason why this new more flexible system can’t 
manage at least as well, particularly with the advantage of these very 
fast-responding technologies using digital software.

ML: Australia has pretty high penetration rates for photovoltaic solar pan-
els up on household roofs but apparently half the power, more or less 
that is generated isn’t used by the houses, but is available to be sold 
at the moment into the grid and market to retailers at five to seven 
cents a kilowatt-hour (KWh), whereas the retailers are selling it at about 
30 cents, apparently claiming that this is due to the costs of transfer-
ring electricity across vast distances on the grid. I understand that, for 
example, digital technology-enabled peer-to-peer trading and energy 
management can achieve the process much more effectively of selling 
electricity to neighbours using power ledgers, etc. Is that another aspect 
of the renewables transformation that we’re talking about?

GP: Absolutely, yes. What we’re seeing is that most of the impediments to 
transformation in the system are not physical, they’re not engineering, 
they are institutional. The electricity utilities have learned that they can 
‘clip the ticket’, effectively taking a fee everytime an electron goes some-
where. You’re absolutely right. Some people are getting paid five or six 
cents for their electricity exported from their rooftop solar that they’re 
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not using while the same electrons throughout the system can go next 
door, where your neighbour will be charged say 30 cents or possibly 
even more per kWh for that same electricity. The utilities are always 
talking about the difficulties and the costs, and they never talk about 
the benefits of having more rooftop solar distributed around the grid, 
particularly paired with storage. It’s really quite frustrating that we saw 
that in the ACCC 2018 report.25

ML: All this technological innovation and falling prices that we’ve been dis-
cussing has driven in the United States a booming solar industry which 
has been growing at quite a pace.26 Solar energy in the United States 
creates more jobs than any other industry adding jobs at a rate 17 times 
faster than the overall growth of jobs in the US economy, and in 2016, 
one in every 50 new jobs was created in the solar sector. On projec-
tions, this will be the fastest growing occupation over the next ten years 
according to the US Bureau of Labor Statistics.27 More than half of 
these jobs (50–55%) are in installation, very decentralised installation 
work, and only about 14–15% are in the manufacturing side. It’s the 
biggest source of jobs in absolute terms and growth in the US energy 
industry, second only to oil and gas. What’s happening to jobs in solar 
in Australia?28

GP: I don’t know that we’ve seen quite such a dramatic increase in Australia 
and what we see never lasts more than a few years. It’s because of the 
frequent changes in policy that we’ve had, a bit of a ‘roller coaster’ or a 
‘solar coaster’ as some people in the industry call it. While I can’t recall 
the exact number, there’s been thousands of jobs created here.

ML: I’ve seen figures that suggest that in financial year 2016 that there’s been 
a 27% collapse in the number of jobs within the solar energy sector since 
2010/11.29 I think as you’re implying this might be tied to government 
policies or lack of them, at the very time when this is the source of huge 
job creation globally and potentially also in regional areas because of the 
decentralised nature of a lot of this installation and other work.

GP: Work done by the Climate Council has also pointed out that Australia 
has missed out in that renewable energy jobs boom simply because 
of the precarious nature of those jobs.30, 31 So those jobs number you 
referred to from 2011/12 was at the height of what was then the pre-
mium feed-in tariffs and did go through to 2016.

I think it’s recovered in the rooftop solar industry quite significantly 
since then, and we’re now starting to see the rollout of large-scale solar, 
so I’d say it was rebounding with a surge in installations, but it’s a bit 
difficult to say what’s going to happen over the next couple of years 
because the policy uncertainty continues. There is a lot of construc-
tion at the moment for large-scale wind and solar across the country to 
meet the Renewable Energy Target (RET), but that expires in 2020. 
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After that there is great uncertainty because the proposed policy replace-
ment, the National Energy Guarantee (NEG), does not seem capable of 
attracting any new investment because the emissions targets are so weak. 
The industry will then have to depend on household and corporate buy-
ers to invest in new projects, either on the household or on large-scale 
wind and solar, if they want to reduce costs.

ML: It is certainly interesting to see how very dependent this growth is on 
government policies, for better or for worse. US President Trump with 
his trade policies was imposing big tariffs on imported Chinese solar 
equipment, which is rather ironically feared to threaten growth of the 
solar industry and up to 23,000 jobs in America. Neither will it improve 
the competitiveness and innovation of their own solar industry.32

GP: No, well, that’s probably exactly right. Tariff wars are quite crazy, and 
I don’t think it’s just affecting the solar sector; it’s affecting water bot-
tles, automobiles and even Harley-Davidson is talking about shifting its 
manufacturing to Europe because of the tariffs that are going to be 
imposed on imports to Europe in retaliation against America’s tariffs.33

ML: In Australia, how important is the proposed National Energy Guarantee 
(NEG)34, 35 likely to be in securing an innovative future for the growth 
of the renewables sector and for the associated growth of jobs and inno-
vation of companies? Aren’t federal and state ministers meeting as the 
Council of Australian Governments (COAG) due to decide the final 
design for this new policy shortly?

GP: It’s a bit of a worry to tell you the truth. The NEG is basically the fourth 
or fifth best policy choice. We had a carbon price that was working fine 
but we got rid of that. The renewable energy target (RET) expires in 
2020. We rejected an Emissions Trading Scheme. We rejected the Clean 
Energy Target. So now we’re going back to the NEG. All this appar-
ently, for the sake of having a bipartisan policy that is not really biparti-
san policy anyway. It is a mechanism which may or may not work.

The issue with the NEG is that it’s unclear how it’s going to work. 
The details have not been sorted out. The ACCC, for instance, raised 
concerns that it might actually reduce competition rather than increase 
it, which would be disastrous for consumers. Under the Coalition gov-
ernment policy,36 it basically won’t do anything. In fact, it could be 
worse than doing nothing because the electricity emissions targets for 
the sector under the current Coalition government, which they refused 
to adjust, are basically going to be met by 2020 from the Renewable 
Energy Targets previously set in place. Also, inciting any new invest-
ment based on emissions is not going to happen under a NEG, let 
alone innovation in the whole system of electricity production and 
distribution.
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The consideration for state governments who will vote shortly on the 
proposed NEG is: do we adopt this as a mechanism that we can ramp up 
subsequently in terms of emissions or do we reject it because we think it 
might actually do harm? The way it’s framed will act as a handbrake on 
and an impediment to new investment for this transition. That is what 
they’ve got to weigh up. It’s an extraordinarily rushed timetable along-
side a history of changing rules and regulations in this sector in Australia 
and characterised by incredibly slow change and a lack of policy certainty 
and stability.

Conclusion

In an historic moment of ‘electricity ambiguity’, renewable energy technol-
ogies are deeply disrupting the electricity industry around the world in a 
transition away from fossil-fuelled power generation to sustainable renew-
able energy sources. The costs of renewable solar and wind technologies 
and equipment have fallen dramatically as a result of substantially increased 
investments in research and development and innovation, backed by govern-
ments. They are now the cheapest sources. Policy changes have been driven 
by growing concerns about the need to act on global warming and climate 
change and have included setting carbon prices and emissions targets, along-
side regulations and new institutions, as well as incentives to adoption by 
consumers and business.

The rapid fall in costs of the new technologies has been accompanied by 
development of new more efficient and effective battery technologies and 
associated digital technology-based smart systems for use in the electricity grid 
to stabilise the delivery of dispatchable energy, matching renewable supply to 
user demand patterns. In the process, the conventional providers and their 
business models have been disrupted and dis-intermediated allowing a new 
model of distributed power generation and distribution. These developments 
have opened significant new employment opportunities, including in regional 
areas.

In the case of Australia, the large existing vested interests in the indus-
try based on fossil-fuelled power generation have resisted the transforma-
tion that would see their significant assets stranded and their business models 
over-turned. The importance of government policies for both facilitating or 
hindering has been highlighted by the Australian experience. In particular, the 
highly contested space of climate change policy emissions targets and carbon 
pricing has led to protracted debate and stop-start policies that create uncer-
tainty and lack of policy stability required by new investors in the renewable 
energy sector. Despite the election in May 2022 of a new Labor government 
substantially committed to the transition to renewable technologies, policy 
contention undermining investor confidence with political divisiveness,37 and 
continuing ‘culture wars’38 have continued.
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Introduction

Former Australian Prime Minister Malcolm Turnbull was described as 
‘obsessed about renewable energy reducing electricity prices’,1 and his chosen 
policy instrument is the National Energy Guarantee (NEG) under discussion 
and negotiation with the states.2 The electricity industry, as a whole, is in the 
throes of a major transition and transformation away from fossil fuels and it’s 
the subject of great impact and disruption by innovative renewable energy 
technologies.

Australia has been engaged in a protracted three decades-long ‘climate 
wars’, and this has effectively stymied the development of a clear policy frame-
work for climate policy, transition to renewables and investors in the energy 
sector.3 For many years, that debate has been driven by and focused on the 
climate change issues and the target emissions, and has been politically a really 
fraught discussion. The government’s preferred NEG approach is a horribly 
complex policy instrument that seeks simultaneously to tackle the three inter-
related questions of the price of electricity, the reliability of electricity supply 
and the level of carbon emissions from the sector. All within one policy bun-
dle. Understanding the likely impact of this policy instrument, turns particu-
larly on how the industry itself will be transformed towards sustainability using 
renewable technologies.

Keywords: Base load; climate wars; electricity; electricity market; electricity 
price components; emissions commitments; energy; energy market; Energy 
Security Board (ESB); fossil fuels; least-cost emissions reduction; national 
energy guarantee (NEG); network reliability; network services; network sta-
bility; Paris Climate Agreement; renewable energy; renewable energy targets 
(RETs); renewable energy technologies; SDG7; SDG11; SDG12; SDG13; 
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study on the topic,4 Chris is a specialist and prominent public commentator on 
issues of climate change, renewable energy and the electricity sector.

The Interview

ML: The NEG has three policy objectives: electricity price, reliability of 
power supply and carbon emissions targets. You have argued that the 
NEG is likely to achieve very little on all three counts in the foreseeable 
future.5 According to government modelling,6 savings are estimated up 
to $550 per year on the average for the average household over the next 
ten years. What sort of impact do you expect on prices as a result of 
the NEG?

CD: Electricity prices have gone up quite rapidly over the last couple of years 
and they are expected to fall over the next few years, regardless of whether 
the NEG is implemented or not. Of that $550 per annum figure, only 
$150 is attributed by the government and its modelling to the NEG. 
The remaining $400 is a reduction in price that is expected anyway, 
primarily due to more generation being built, and in particular more 
renewable energy being built, over the next few years, and the main 
driver for that is actually the current Renewable Energy Target (RET)7 
which runs through to 2020. So that, when I say the NEG impact on 
prices is likely to be relatively small, that is also what the government is 
saying; of the $550 saving, only $150 is coming from the NEG.

CD: Breaking the figures down, electricity prices comprise a number of ele-
ments. The first of two big ones is the cost of network services, pay-
ing for the poles, wires and substations that deliver electricity from the 
power stations to the customers. The NEG is not aiming to have any 
impact on network charges at all.

ML: Apparently in recent years, these networks have been termed as ‘gold 
plated’.8, 9 Have their costs contributed to the big retail price increases 
we have experienced over the last couple of years?

CD: Certainly over the last seven or eight years, network investments had a big 
impact, but not over the last couple of years. We did have a massive boom 
in network infrastructure spending, particularly in Queensland and NSW, 
over the period of about 2010 to 2015. But that has passed and network 
investment is now falling. There was a recognition that we certainly over-
did it, and in the most recent determinations by the Australian Energy 
Regulator (AER),10 network investment has been wound back quite sig-
nificantly, but that too has nothing to do with the NEG as a policy.

The NEG is focused on the other of the two big contributors to our 
electricity prices, and that is the cost of generation. Unlike networks, 
which is a regulated monopoly, where prices are essentially set by the 
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regulator, generation operates in a competitive market and so it depends 
on the forces of supply and demand. What we saw over the last couple 
of years has been the closure of a number of power stations thereby 
reducing supply, particularly with the closure of Hazelwood Power sta-
tion in Victoria.11 That tightened supply and while demand remained 
much the same that led to a significant rise in electricity prices.

Now that supply is starting to increase again, most particularly 
because of investment in renewable energy, that’s pushing prices down. 
What the NEG is proposed to do is give greater confidence for the mar-
ket participants to invest in even more generation capacity over the next 
ten years. That increased supply will then have an impact on reducing 
prices even further than expected in the absence of the NEG.

ML: So in the generation space that we’ve been talking about, prices have 
been coming down because of renewables not because of any big invest-
ments. The closure of some coal-fired power stations brings us to the 
second target of the NEG, which is the reliability of the generation 
capacity. What and how is the NEG supposed to address the question of 
appropriate levels of investment and what is the need for investment in 
generation over the period that the NEG is to operate?

CD: This is one of the more complex parts of the NEG proposal. Essentially, 
it will look over a rolling ten year time horizon to estimate demand in 
the electricity market and the expected need for supply of generation. 
If there is an identified gap – that is, an expected shortfall in genera-
tion relative to demand – that will be announced to the market. That’ll 
trigger the ‘reliability’ provisions of the NEG and the regulators will 
require that electricity retailers and other customers prove that they have 
adequate capacity to ensure that a shortfall of supply is not realised. That 
initial requirement is relatively light handed but if the expected shortfall 
persists to within a three-year period the requirements get a bit tougher.

The retailers who’ve purchased electricity to sell to customers will 
need to reveal their purchase contract details and if not regarded as sat-
isfactory to close the expected gap in supply the regulator can impose 
upon them the costs of providing the required additional capacity. 
While this is certainly a more heavy-handed approach than in the past, 
it’s probably also a good idea. In going through this transition away 
from coal to more renewable energy, it will provide an extra ‘reliability’ 
safety net, but the regulators aren’t expected to have to trigger this reli-
ability component because they expect the market to ensure that there’s 
enough generation capacity anyway.

ML: I understand that modelling used for the NEG by the Energy Security 
Board (ESB) sees virtually no need for new generation capacity over the 
coming decade barring a nominal amount of 1000 MW, which could 
easily be satisfied by any form of energy.12 Is that correct?
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CD: That’s the case at the moment but as we have seen over the last few years, 
for example, with the closure of the Hazelwood power station, there’s 
only six-month notice between when the owners Engie announced and 
then actually closed it down. So, while neither the regulator (AEMC)13 
nor the market operator (AEMO)14 anticipate such a shortfall at present, 
it’s still possible. And from the point of view of prudence, there is an 
argument for putting these tougher ‘reliability’ provisions in place.

There’s another dimension which people tend to overlook. On cur-
rent projections, there is not a lot of closure of coal-fired power stations 
between now and 2030, but if we are going to be serious about address-
ing the climate problem and reducing Australia emissions, we probably 
need to close quite a few more coal-fired generation capacity by 2030. 
The NEG does not envisage that, but the nice thing about it and its reli-
ability provisions is that if we do move more aggressively then we’ve got 
a mechanism to ensure as we move to lift coal and more renewables than 
there’s a mechanism to ensure that that’s done in a reliable way. So, it’s 
a bit ironic because we’re about to talk about the emissions component 
of NEG, that it actually provides quite a good mechanism to facilitate a 
much greater shift to renewables than the basis on which it is premised.

ML: On that question about reliability and investment in new generation, 
there was talk about last-minute changes to the NEG and reference to 
what was being called the NEG-Plus. There seemed to be suggestions 
that the government should underwrite private-sector investment in 
new coal-fired generation capacity. Is that correct, where did it come 
from and what’s it all about given what you’ve just been saying?

CD: Yes, this was a strange eleventh-hour contribution coming, to my under-
standing, from outside the advice of the Energy Security Board (ESB).15 
It seems to be from the political realm, in particular from some govern-
ment backbencher enthusiasts for coal-fired generation as a condition 
for their support for the NEG. As we have discussed, the ‘reliability’ 
provisions provide a ‘safety net’ and a mechanism to bring additional 
capacity to the market if it’s required. I certainly don’t see a need for this 
NEG. Plus additional underwriting. The idea is to get the private market 
to respond. It would be quite counterproductive if such government 
underwriting were to support technology that is neither environmen-
tally sustainable nor economically competitive in the form of coal-fired 
generation.

ML: The third aspect of what the NEG is trying to achieve is carbon emis-
sions reductions and the question of Australia’s commitments to the 
Paris climate targets. What is the likely impact of the NEG on our emis-
sions targets and commitments?

CD: The intent of the NEG is to apply Australia’s Paris Agreement commit-
ments,16 of a 26% reduction in emissions to the electricity sector. There’s 
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been a lot of criticism of simply applying the same overall national tar-
get to the electricity sector when we know that the electricity sector is 
already reducing its emissions quite rapidly with the shift away from coal 
and towards renewables. There is recognition that there is a lot of very 
low-cost emission reduction that could be achieved in the electricity sec-
tor at a much lower cost than could be achieved in other sectors such as 
farming and transport. So, if we’re going to take a least-cost approach 
to meeting our emission reductions targets, we should probably expect 
the electricity sector to contribute more than just that 26% emissions 
reduction.

ML: If there were in place a market mechanism as there was for a while, 
namely in the form of a carbon price, presumably those producers and 
emitters of carbon in the market who had relatively lower costs would 
be investing more in reduction and those with higher costs would be 
carrying less. As you say. That would deliver an overall lower, least 
cost of emissions reduction for the economy as a whole. Does the 
NEG imply some sort of pro rata idea that if the overall target we’ve 
got under Paris for Australia is 26%,17 then each sector including elec-
tricity should carry 26%, which presumably will mean that the overall 
cost of meeting a national target is going to be much higher than it 
needs to be?

CD: That would be the consequence although it’s not quite right to say that 
Australia is adopting the same target for every sector, because the only 
sector for which the government is actually proposing to have a firm 
target is the electricity sector. It remains to be seen what targets would 
apply to other sectors and whether they would be met at all, which 
might be also one of the issues that need to be considered. But if we 
were to meet our Paris obligations, and if we were to apply the 26% 
target to every sector, including sectors like transport and agriculture, 
then yes, that would likely be significantly more expensive than taking 
a least-cost approach, which allows for those sectors that can achieve 
reductions more cheaply to carry a larger share of burden.

ML: As you say, at the moment, the NEG certainly doesn’t tackle the other 
sectors being focused as it is on the electricity energy sector, which is a 
major emitter of course, and being only one part of bigger energy policy 
questions. But aren’t there suggestions that, even in the absence of the 
NEG, this sector anyway would be hitting Paris targets regardless?

CD: Yes, the modelling from the ESB suggests that in the absence of the 
NEG, emissions from electricity will fall by about 24% by 2030 as a 
result of the increased contribution from renewable energy. So the NEG 
is only providing a very small additional emission reduction by 2030. 
Indeed, if the market continues to grow for renewable energy the way it 
has, then there’s every likelihood that we would meet that 26% emission 
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reduction target within the electricity sector in the early years of the 
2020 decade.

ML: I find all of this most perplexing. We’ve talked about electricity prices, 
which I think you’ve been saying are likely to come down to a large 
part anyway without the NEG. We’ve talked about the reliability and 
the need for additional investment in generation where according 
to the ESB’s own modelling there isn’t a foreseeable need, although 
there could possibly be in the future, but none foreseen or forecast. 
And now we’re talking about emissions targets, which again in the 
absence of the NEG would be largely – if not completely – achieved. 
It seems that all three key policy objectives and targets are probably 
achievable without the NEG. But one last question on NEG emis-
sions targets: being set so relatively low, including with reference 
to the ESB modelling, are they likely to even create an investment 
drought in renewables and likely discourage renewable investment 
and need later action?

CD: Well, there’s two ways of looking at it. On the one hand, there’s noth-
ing in the NEG, and the way it’s written, that puts a cap on the amount 
of renewables installed but on the other hand its whole rationale is that 
it creates greater certainty for investors. If we’ve got a policy like NEG 
that sets a target that is not binding in the sense that we meet the target 
by 2021–2022, then it seems to me that does not create an awful lot of 
certainty for investors.

As a consequence, from the investor’s point of view, clearly this policy 
is not sustainable because it’s not achieving anything. An investor might 
want to sit on their hands and wait and see what other policy gets put in 
place because this one is essentially ineffectual. So while the letter of the 
NEG doesn’t put a cap on the growth in renewables, I think the practi-
cal impact could be that it creates more uncertainty or rather, it doesn’t 
resolve the uncertainty that we have now. The consequence is that we 
don’t get the greater investment in generation, and in particular, renew-
able generation that we need in order to drive electricity prices lower.

ML: If and when the NEG goes through, there are criticisms from a couple 
of the States and from the ACT,18, 19 that it is locking in weak emission 
targets for a decade by placing them in legislation and law rather than 
putting them in as regulations that can be readily changed administra-
tively under the framework of the law. Is that a valid criticism?

CD: It’s not a criticism with which I have a lot of sympathy. A few years ago, 
when the Coalition government came to power, it wanted to wind back 
the existing renewable energy target built into legislation, but it couldn’t 
do that unless it changed the legislation. That meant they had to go 
through the Parliament to reduce the target which they did ultimately, 
but they needed to go through a long process of negotiation and as a 
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consequence the renewable energy target was reduced but by nowhere 
near as much as the Coalition government had wanted.

As a consequence, we have now this very large investment happening 
in renewable energy, which is helping to drive electricity prices lower 
as we said earlier. So that having the target in legislation rather than 
in regulation provided greater stability. Now, the same people who are 
arguing for putting the renewable energy target in legislation are saying 
no, if you’re going to have low emission targets you should put them in 
regulation.

I don’t have a problem with it being in legislation but I do have a 
problem with the emissions targets being so low and very weak. If the 
government does want to change those targets, and it certainly should, 
it should make them much stronger. Whether there’s a change of gov-
ernment or otherwise, that would mean going through legislation and 
it’s not really locked in. Just because the proposed NEG legislation tar-
gets for the year 2030 doesn’t mean that they can’t be changed, it just 
means they need to be changed by legislation.

One of the nice things about the NEG is that because we would have 
the structure in legislation of those targets, it’s much easier to change 
the number or level of the target than it is to create a whole new legisla-
tive structure so we would have to go through a legislative process. But 
I think whoever is in government will have to recognise the inadequacy 
of these proposed targets and they will need to change. I would rather 
have the NEG in place with weak targets and a solid legislative structure 
than to not have a structure at all. Certainly, it would also make it easier 
for future governments to put in regulations; but there’s always the risk 
that the regulation goes downwards as well as upwards in terms of the 
level of ambition.

Conclusion

The complexities, trade-offs and politics involved in framing policy, legisla-
tion and regulation to achieve a transition in the electricity sector from fossil 
fuels to sustainable renewable energies are vividly demonstrated by Australia’s 
experience with the National Energy Guarantee (NEG). The endeavour to 
integrate within the national electricity grid the three objectives of emissions 
targets, renewable energy technologies and affordable electricity prices not 
only became bogged down in political wrangling but ultimately came up with 
a framework that was ‘ineffectual’ on all three scores. Network stability was 
not advanced and sufficient investor certainty was not provided. While at the 
same time, the impact on holding prices down was marginal, and emissions 
targets and investment in renewable technologies would have been met any-
way on the basis of previously set ‘renewable energy targets’.

Seeking to meet Australia’s Paris Climate commitments of 26% reduction in 
overall emissions by 2030 by focusing on the electricity sector puts a potentially 
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higher load on reductions in other sectors such as transport and agriculture 
with more costly abatement profiles rather than minimising the overall cost to 
the economy by relying more heavily on available proven low-cost solutions 
in the electricity sector.

The debate was highly politicised and often ‘toxic’ in a framework of ‘cli-
mate wars’ that stymied long-term investment and least-cost restructuring of 
the sector for a sustainable future.20 The Coalition government even enter-
tained proposals from within its own ranks for massive government under-
writing of additional investment in new coal-fired power stations in the name 
of network ‘reliability’ premised on ‘base load’ fossil energy-fired power sta-
tions.21 The NEG proposal embedded emissions targets in the draft legislation 
which locked in specific weak targets. It did not offer the future flexibility to 
lift the targets by incorporating them as regulations under the legislation that 
would not require reference back to the legislature.
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Introduction

This chapter discusses electric vehicles, their development and take-up in the 
Australian market, and the issues arising from the point of view of motor-
ists confronted with the opportunities and challenges of adopting this new 
technology. Different segments of the population take-up new technologies at 
different rates, from early adopters through laggards.1

The individual motivations for technology adoption are complex; and are 
inherently social, developmental processes.2 Broader policy, structural and 
infrastructure settings play an important role in influencing individual tech-
nology adoption choices. Electrical Vehicle (EV) technology and innovation, 
is a key component of carbon emissions strategy.

Keywords: Auto consumers; Charging infrastructure; Climate Wars; Con-
nector standards; Electrical Vehicle/s (EV/s); Fast-charging; Federal Govern-
ment; Hybrid vehicles; National Roads and Motor Association (NRMA); Paris 
Climate Agreement; Payback period; Policy vacuum; Range anxiety; SDG 9; 
SDG11; SDG12; Technology adoption; Technology diffusion

Interviewee Profile

Peter Khoury (PK) is Media Manager for the National Roads and Motorists 
Association (NRMA), part of a listed company, Insurance Australia Group 
(IAG). The NRMA, on behalf of its 2.6 million motoring members, is taking 
up and advocating on these issues.

The Interview

ML: Electric vehicles are having a reasonable initial rate of adoption in the 
Australian market of about 18 or 20,000 units to date (April 2020).3 
What are the opportunities and challenges of wider take-up?

PK: You are right that the penetration levels are going up, although they’re 
coming off a very low base. We are seeing percentage year-on-year 
increases, and just last year (2019) alone, over 7,000 electric vehicles 
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were sold in Australia.4 But when you consider that the number of petrol 
and diesel new car sales were well over a million, at 1.2 million, it puts it 
into some sort of context.

Australians are notoriously slow at adopting new technology and then 
once it does catch on, it moves ahead at breakneck speed and the best 
example of that is the smartphone. We weren’t the first or the quickest 
to buy smartphones, but today their penetration per capita in Australia 
is the highest in the world.5

There is a sense of inevitability about the electric vehicle future in 
Australia if you look at what is happening globally.6 The NRMA felt that 
we had an important role to play to get our community ready for that 
inevitability in the next decade or two. Australia is nowhere near ready 
for that future, both in terms of building the infrastructure that will be 
needed to keep people on the road and in terms of the sales uptake of 
electric vehicles.

A few things need to be done. First, is the building of a fast-charging 
network7 – which the NRMA has been doing now for a couple of years. 
We’ve covered most of regional NSW. We’ve still got a way to go.

Second, we don’t build cars in Australia;8 and the countries that do 
and import them to Australia tell us that there will be a time where they 
will only be building electric cars. So that’s why the NRMA is trying to 
get ahead of the curve.

ML: What for the individual motorist are the factors in their decisions to shift 
to electric vehicles financially, economically and technologically?9, 10

PK: Off the top is the ‘ticket price’, which is way too high with the price of 
an electric vehicle compared to a similar conventional car, sometimes 
as much as $30,000 more expensive. That ticket price needs to come 
down considerably before it becomes more of a mainstream choice for 
motorists.11 It will come down over time, but we’re not there yet. While 
that challenge is not unique to Australia the price gap seems to be a lot 
higher here than in other countries.12

ML: What payback period for this relatively expensive investment are people 
seeing at the moment?

PK: Well, there’re a few other factors you can think about before the payback 
period. The first is the ‘range anxiety’. A lot of people who are buying 
EVs are only really driving them around city areas because they’re con-
cerned that once they leave Sydney, once they go away from the comfort 
of their own charging station at home, they confront ‘range anxiety’. 
They don’t know if there’s going to be somewhere where you can top up 
your charge. That is a major factor in people’s thoughts around buying 
electric vehicles.

Once you buy the EV, the cost savings are immediate and significant. 
Electric vehicles don’t break down as much because there are fewer parts 
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to worry about. Not being ripped off at the petrol browser is another 
factor with which a lot of families have to deal with periodic petrol price 
hikes. Also, because there are fewer parts to service you don’t spend 
as much money and time in the auto mechanic shops. So over that 
extended period you start to see savings.

We’re hoping to see initiatives introduced by governments to 
encourage the uptake of electric vehicles,13 whereby insurance might 
be reduced, registration might be reduced. The government would also 
benefit from having more of these cars on the road.

So over time, once you buy your electric vehicle, there is no doubt 
about the cost savings to the driver. The cost of electric charge com-
pared to the price of petrol is the significant saving; the plug as opposed 
to the bowser over that extended period of the lifetime. You start to see 
those running cost savings delivered to the owner of the vehicle, but 
unfortunately while the EV price is so high, there are a lot of people for 
whom it’s not really a choice just now.

ML: Where do ‘hybrid cars’14 fit into this EV scenario both economically and 
technologically?

PK: Hybrids are playing a significant part in Australia particularly with most 
of the taxi fleet now using hybrid vehicles. Hybrids are a good stepping 
stone to electric vehicles. Our focus, as an organisation, went straight to 
electric vehicles purely from a strategic perspective; because that’s where 
we believe they are the future. We believe that eventually the uptake 
here in electric vehicles will mirror what happens globally.

ML: The high-ticket price can be expected to fall significantly and quickly – 
given the substantial and rapidly increasing investment in R&D – and 
technology and manufacturing development by the global industry. 
I believe that Tesla, which is the leading market brand globally, also has a 
dominant market share in Australia, has reached a 1,000,000 sales figure 
only recently and is building new factories and extending into trucks.15 
What are the prospects from the global industry perspective of driving 
that ticket price down?

PK: That’s where the drive will come from. It will come from overseas. It 
won’t come from Australia because we import, we don’t build. We don’t 
have a car manufacturing industry. There’s been argument and discus-
sions around whether we should go back into the market since there is a 
new form of motor vehicle technology.

Australia will probably be a critical part of the global supply chain purely 
off the back of the amount of lithium that we have here in Australia. We 
are world leaders in that. What you will see is, well, the best comparison 
would be the smartphone. The first smartphones were way out of the 
price range for most people, and it wasn’t until you started to see that 
mass move of people moving to the new technology as demand increased 
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and as the range of what people were looking for increased, the price fell 
considerably and eventually kicked competitors out of the market.

We would expect nothing different from electric vehicles. Probably 
within the next five or ten years, we will start to get towards price parity. 
Once you get price parity, the future for petrol and diesel vehicles will 
be quite dead because the benefits are so extensive that most people will 
go straight to an electric vehicle. That shift will come globally, and it 
will happen quicker than people think. Given that we’re not leading that 
shift because we’re not building cars, we need to be ready for it because 
it’s going to be here whether we like it or not.

ML: As you say, with no local car industry here there might still be oppor-
tunities in the supply chain, particularly the lithium required for the 
EV batteries in which we do have a global-scale resource. It’s interest-
ing that the UK in the post-Brexit environment with its motor vehicle 
industry problems was even considering trying to reinvest and redevelop 
their industry based on electric vehicle technology.16 But I think that’s 
beyond any aspirations that we might have as a country at this point.

You’ve mentioned that the NRMA is investing some of its member-
ship money to develop an infrastructure of charging stations.17 What are 
you doing there?

PK: Our initiative is particularly significant in light of the coronavirus where 
we’re seeing a recognition around the world that our economies may 
have become too reliant on importing manufactured products from 
other parts of the world. We’ve become lazy and lackadaisical when it 
comes to using the ingenuity, extensive experience and expertise that 
we have in this country to do more of the things that we need for our-
selves. Infrastructure is a good example of where Australia is leading 
the way.

We’ve partnered with an Australian company, Tritium, who build 
fast-charging stations and we have been building those stations across 
regional areas in New South Wales and the ACT. We specifically tar-
geted regional areas because we want to open them up to tourism by 
encouraging people who live in Sydney to visit there on the holidays, to 
spend their money there to support regional communities. This is also 
a strategic focus for the NRMA because half of our membership lives 
outside Sydney.

Our Australian company partner builds new charging stations here 
using local employees. The technology is Australian. The lithium is Aus-
tralian. We’ve built almost 40 of these charging stations across NSW and 
the ACT and we’ve done so strategically to open up regional areas.

We started in the Hunter Valley, then to the North Coast, followed 
by the South Coast, and then inland to Mudgee and down to the snow 
country. We’ve built these charging stations on these tourist routes so 
that people will be able to stop and charge as they go on their holidays.
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Electric vehicles differ from petrol and diesel vehicles in that most of 
the charging will be done at home unlike conventional vehicles filling up 
at petrol stations. I think there’s some confusion on this point. People 
have this view that we have to replace every service station in Australia 
with a charging station. But that’s not actually how it’s going to hap-
pen because in most cases people will drive their car with a full battery 
charged from home.

We are now also the majority shareholder of another Australian com-
pany, Charge Box, that is building a similar charging network across 
the country. So, we’re now replicating what we’re doing in New South 
Wales and the ACT in partnership together with other motoring clubs 
to build a national network. In Australia, we have the expertise and 
the innovation to do this without having to rely on other parts of the 
world. So while we rely on them for the car, at the very least, Aus-
tralia will own the infrastructure and critically, this is really important 
when you think about the amount of work that NRMA does on petrol 
prices. The electricity that is going to be used to charge those cars will 
be Australian-made electricity, so we won’t be relying on imports from 
overseas, which not only will help us to protect our members from vola-
tile world prices but also it’s a national security issue as well.

ML: That’s impressive and sounds like a great opportunity. Are there any 
standards issues around building this infrastructure? Don’t different 
makes and models of cars require different plugs at different charging 
stations?18

PK: You can pretty much charge most cars with our fast-charging network. 
I  believe that we will start to see the standardisation of that issue as 
we move forward because it will become infeasible to need a different 
plug for every different car. Ease of use is going to be critical in making 
sure that this is a success. Also, as we move forward, other advances in 
technology will make the investment even more attractive, especially in 
terms of batteries and overcoming ‘range anxiety’.

With batteries, we’re already seeing some cars with ranges between 
450 and 500 kilometres on a single charge which is getting closer to 
petrol and diesel vehicles. Battery storage will be critical. As I mentioned 
before, people will charge their cars at home and in order to protect the 
grid stability, it will be important that there is storage capacity at homes 
so that people are charging and storing their own energy. That’s going 
to be vital, and again, that’s an area where the NRMA is hoping that 
Australia can lead the way.

ML: You make the distinction between the fast-charging network that you’re 
putting in and the charging at home. Am I right in assuming that charg-
ing at home will be a slow-charging operation (overnight) compared to 
the fast-charging (one hour or so) infrastructure you’re putting in?
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PK: Yes, for now that is the case. We should remember a lot of this technol-
ogy is only being rolled out now and think about the sort of advances 
we have made over the past 100 years in the way cars look and perform. 
The charging capacity at home is slow but it doesn’t necessarily have to 
be fast right now. You plug your car in overnight when no one is using 
the grid and charge it when you’re asleep, in the same way that we do 
with our phones. Having said that, that’s the off-peak period with the 
grid and we don’t want a situation where the grid is at a permanent 
high-peak period; that’s why battery storage technology is going to be 
so important moving forward.

ML: How will this new infrastructure of charging networks, supplemented 
by home charging, differ commercially from the existing huge number 
of commercial or oil company petrol stations that it will replace? Are oil 
companies or other private enterprises investing in fast-charging infra-
structure, because presumably anyone who charges has to pay a com-
mercial rate for the service?

PK: Yes, they are in America. I was in the United States last year and what 
really stood out is you would pull into these service stations and there 
are more Tesla charging plugs than there are petrol pumps. That’s likely 
to be a path that most service stations will go down as an opportunity 
to transition their business, but the cost of charging the battery of 
an electric vehicle is nothing compared to filling up the tank of a car. 
In Australia, to fill up your car when petrol is around $1.50 per litre, 
you’re not getting any change from $100 bucks while a full charge of 
an electric vehicle at the electricity rates that we’re currently paying 
you’d be lucky to nudge $20 and that’s with a decent size profit margin. 
Our NRMA charging network is currently free to members and it will 
always be free to members. We’ve built it not to make money but as a 
social investment and as a commitment to regional communities across 
Australia. Non-members will pay but they will be stunned at the dif-
ference between paying a fee at a plug and paying a significant fee at a 
browser.

An important role for the NRMA moving forward will be to ensure 
transparency and fairness of charging prices. There’re a number of rea-
sons why it will be a lot cheaper for motorists in Australia to charge 
their imported electric vehicles as opposed to filling up their imported 
internal combustion engine vehicle and the most critical of that is that 
we will be 100% energy self-reliant. It will be Australian electricity. Now, 
there is obviously a debate that is taking place in Australia right now 
about whether electricity should be generated from coal or from renew-
able energy or from nuclear or from whatever; and that debate rages, 
as it should, but one thing that will be certain is that the security of 
our transport future will rest solely in the hands of the Australian com-
munity. No longer will we be relying on importing oil from some of 
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the most volatile parts of the world, and that will be a significant game 
changer for transport future in Australia and for every Australian family.

ML: What’s the role for governments? What federal government policies and 
or regulations can influence this; and what, if anything, are they doing? 
Are they making investments? Are they looking at regulations and stand-
ards? Do they have a strategy?

PK: That’s a very good question. They do have a strategy which we were 
expecting to be released in the next couple of months so we will wait 
and see.19, 20, 21

Leadership is probably the most important asset they can bring to 
the table right now. What you’re going to see increasingly is that all the 
private-sector organisations like the NRMA are going to invest in the 
infrastructure because they see that as their role. To do that in part-
nership with the federal government will be crucial, whereby they can 
remove barriers to that industry growth and where they may also choose 
to invest themselves in encouraging the uptake of the technology in the 
rollout of the infrastructure.

When we started buying cars in Australia, it was the government that 
built the roads. Sure, the private sector built the service stations, and 
so we know that the government always has an important role to play 
when we’re looking to shift such a significant part of our part of the 
country’s DNA. They will have an important leadership role. There’s 
work that they can do around removing tax barriers. The fact that most 
electric vehicles are captured in the luxury vehicle taxes is absurd. That 
immediately needs to be reversed and is something the government can 
do tomorrow.

We’ve been talking closely with the federal government. They are 
definitely on board in terms of understanding the need for Australia 
to get ready for electric vehicles because we’re not ready for this future 
and they see benefits to us taking these steps, if for nothing else but that 
transport accounts for 20% of carbon emissions in Australia.

The Australian Government is looking to meet its Paris targets in 
terms of carbon emission reductions and knows that an easy way to do 
that would be through the transport sector. That can deliver immediate 
emission reductions even if you don’t change the electricity grid.

I know there’s been discussion around the idea that there’s no dif-
ference, because instead of the emissions coming out of the tailpipe, 
they’re coming out of the electricity grid, but in fact, electric vehi-
cles with their more energy-efficient engines do produce lower car-
bon emissions than do internal combustion engines. They do reduce 
the carbon emission footprint of the transport sector, sometimes by 
upwards of 30% without doing anything to the grid. And if you look 
at the Tasmanian example where they have a broader mix in terms of 
their renewable energy sources energy, particularly with hydropower, 
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then the savings can be upwards of 60%. So even doing nothing to the 
electricity grid, you deliver savings and there’s a lot the federal gov-
ernment can do with its leadership. It can also support infrastructure, 
investment and technology investment. Obviously, no government 
would want to miss the opportunity of positioning Australia as leaders 
in lithium and the batteries because we have so much of that resource,22 
and using the tax system to encourage the take-up of these vehicles will 
help in many ways.

ML: State governments also have a role. NSW has announced quite an ambi-
tious target of net-zero emissions by 2050,23 along with a range of 
funded initiatives including for electric vehicles. What sort of things are 
state governments doing or capable of doing here, including with their 
own fleets?24

PK: What we’re seeing at both the state and federal levels, especially now 
the state has released its policy, is some real leadership in this space 
and a shift in thinking, and that’s the most important thing. The New 
South Wales government just released its energy plan to get to net-zero 
emissions.25

We need to encourage the transport sector to reform and that’s what 
they’re looking to do with their policy initiatives in terms of investing 
their own money, including partnering with the private sector to build 
infrastructure, looking at tax breaks for electric vehicle owners, and all 
the things that you would need to do to encourage a shift in policy.

Governments can’t wait because you can’t just leave it to the private 
sector alone. There is going to be this global shift whether we like it or 
not, and we don’t want to get left behind because the economic and 
social benefits will not be delivered to families, and I don’t think voters 
would be very happy about that either when that time comes.

Conclusion

The tortured path to adoption of Electric Vehicles (EV) by Australian motor-
ists is a classic case study in the technical, social, economic and political com-
plexity of diffusion of new technology. Australia is a global laggard in adoption 
of EVs.26 Despite the technology’s economic, national energy security and 
environmental benefits in contributing to meeting carbon emissions targets, 
its adoption by motorists has been plagued by a lack of a cohesive national 
strategy of government support entangled as it is politically in the inability of 
the country to confront climate change and sustainability and caught up in the 
ideological ‘climate wars’.

While offering low operating costs to motorists, EVs are more expensive 
in Australia than elsewhere; in part, because many brands are caught up in 
a luxury car import duty payment,27 despite the government policy decision 
that led to closure of the domestic vehicle industry.28 There are considerable 
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opportunities for Australian industry to participate in development of EV lith-
ium batteries and charging infrastructure.

Consumers are also inhibited by ‘range anxiety’ that requires investment 
in a national charging infrastructure and provision of incentives and tax relief. 
Australia lacks EV charging standards and also needs to invest in moderni-
sation of the national electricity grid to enable efficient input of renewable 
energy to the fossil fuel-powered generation system.

While the Federal Government has adopted a much criticised EV strategy 
with few incentives and investments to attract more buyers to EVs, State Gov-
ernments have stepped forward into the policy vacuum; as well as private-sector 
actors, including the NRMA, a motorists’ organisation, that is investing in a 
fast-charging infrastructure network. 
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Introduction

Bitcoin1 was launched as a ‘digital currency’ in 2009 referred to as a form of 
‘cryptocurrency’. Over the past decade, the price of Bitcoin investments rose 
from about $10,000 Australian to about $80,000 in that time.2 However, it 
comes and goes and it’s fallen back to about $50, so it’s still a highly specu-
lative and volatile asset class.3 It has a lot of hype around it like a lot of new 
technologies.4 Many people say that what we are now seeing with Bitcoin, 
Ethereum and other such offerings is just the front end of a ‘first-generation’ 
technological disruption of global financial, investment, savings and capital 
markets.5
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The Interview

ML: What is cryptocurrency?

SF: We can start by thinking about traditional currency that we’ve had for 
some 2000 or, at least, 1,000 years. This evolved from gold or silver 
coins, through paper money to more recent electronic-based card and 
transfer systems such as Visa and Mastercard, credit and debit plastic 
cards that can be used globally.

Cryptocurrency is supra-national. Unlike the Australian dollar, which 
is created by the Reserve Bank of Australia (RBA) and backed by the gov-
ernment, cryptocurrencies are ‘trustless’ in the sense that they are nei-
ther created by a national central bank nor guaranteed by them. Rather, 
they are based on a decentralised ledger system called ‘Blockchain’8, so 
that anybody can investigate or ‘validate’ any of the transactions made 
since the inception of the Bitcoin, Ethereum or any other cryptocur-
rency. They sit in a ‘blockchain’ so that you can see these transactions 
contracted through time and you can ‘prove’ that you ‘own’ them. Also, 
similar to the Visa network, Bitcoin in particular allows you to send your 
Bitcoins between each other and keep track of the balances and so on.

ML: So cryptocurrencies are rooted in Blockchain technology and referred to 
as a ‘distributed ledger’ that you can access yourself, and you emphasise 
‘trust’. It seems to imply that those who use it don’t actually trust con-
ventional money channels, governments and banks, is that right?

SF: Many users may not trust conventional monetary authorities but also 
you don’t need to trust each other either using crypto. You’re not trust-
ing any centralised system but you’re relying on a sort of ‘codified cur-
rency’ as if it were to be a ‘store of value’. That’s why you get high 
volatility in evaluations of the crypto asset because it has no ‘gold stand-
ard’, nor the financial system backing of any government. Its value at 
any moment is similar to that of your family house; it’s really worth what 
anyone else is willing to pay for it, at any given moment.

ML: How have people come to trust it as ‘store of value’? Typically, govern-
ments can print money at their discretion and stand behind its value 
as redeemable at a bank on demand. These are called ‘fiat currencies’. 
What’s the comparative story with Bitcoin that it is also referred to as 
‘deflationary’?9

SF: With Bitcoin in particular, there is an inbuilt restriction in its coding on 
how many Bitcoins will ever be in existence. This is why people often 
point to it as an anti-inflationary asset, unlike Aussie dollars. For instance, 
we saw the Australian government spend; let’s say, a hundred billion dol-
lars to pay JobKeeper allowances to avoid a COVID19-induced reces-
sion. This tends to devalue the existing stock of Aussie dollars. We’re 
seeing really low interest rates as people try to push their money into 
property and other real assets.
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Bitcoins, on the other hand, are inherently constrained in their total 
number. This is unlike the case with ‘digital gold’: gold-backed money 
where as the price increases, we start to dig gold mines further under-
ground or search under the oceans in attempts to find ever more gold 
supplies. With Bitcoin, there is a total capped limited supply against the 
number ‘mined’ and in circulation at any given time, leaving the finite 
remainder yet to be mined.

ML: What is the total capped supply of Bitcoin, how many are in circulation, 
and how is its supply increased over time so as to reach its finite limited 
supply cap?10

SF: The number of Bitcoins that entered the ‘digital economy’ system 
started at about 50 new Bitcoins every ten minutes, and that entry rate 
halves and then halves again every few years indefinitely. It currently 
stands at a rate of 12.5 and will continue halving every four years until it 
effectively approaches 0, estimated to be by the year 2140.

The network functions in a similar way to Visa in that, if you buy cof-
fee for $5, you will be paying a 1% fee to facilitate that transaction. The 
Bitcoin ‘miners’ not only receive some new Bitcoins when they solve a 
block, but they also receive some fees. They are volunteer participants 
in the network who have their transactions recorded on the blockchain 
and act as a ‘record-keeping’ service.11

ML: You’ve mentioned this word ‘mining’ in a couple of contexts. Originally 
when you were referring to traditional currencies and gold mining and 
gold supplies but also in referring to Bitcoin as proof-of-work (PoW) 
mining,12 which seems to involve networks of computers? What’s that 
mining process all about?

SF: What you’re doing when you’re mining a Bitcoin is you’re trying to 
solve a cryptographic puzzle or ’256 hash’ for a ‘block’; that in this case 
happens to be a ’chain’ algorithm. You’re taking a bunch of texts rep-
resenting the transactions between individuals and you’re adding a ran-
dom number to generate a 256-character random string. You’re looking 
for there to be 10 or 12 zeros at the front of that particular string.

Effectively, you’re using computers to solve algorithms iteratively, like 
checking a long division calculation, until there are a sufficient number 
of zeros in the remainder. Once you have done so, it can be easily proved 
because the hash of these transactions is equal to a particular number. 
But it’s very difficult to find one of those situations where you get a 
number of leading zeros at the start. So they’re just cryptographic puz-
zles in which computers at different ‘nodes’ are competing against each 
other to solve. This is what drives the immense electricity consumption 
required by the Bitcoin mining network.13

ML: This sounds horribly complicated. But Bitcoin is only a particular appli-
cation of that much broader technology isn’t it, and cryptocurrency is 
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only a subset of what blockchain technology can be used for. So who 
invented Bitcoin and who owns and operates it?

SF: Yes, that’s right generally, but with Bitcoin we don’t know the answers. 
There’s this rather anonymous and elusive figure by the name of Satoshi 
Nakamoto, whose identity no one has been able to establish.14 He wrote 
a ‘white paper’ which effectively describes the architecture of the block-
chain system and it’s run by widely dispersed ‘miners’ working at decen-
tralised computer ‘nodes’.

A lot of them are in China, or other countries that have an abundance 
of cheap power that is often fossil fuel driven. Many coal-fired power 
plants in China have Bitcoin miners sitting just outside them, conveni-
ently consuming all this electricity. In effect, it’s much easier to export 
a Bitcoin than it is to export electricity itself. No one really controls the 
Bitcoin network. It is the ‘first generation’ of cryptocurrencies and it’s in 
theory pretty much like the decentralised Visa network. It allows you to 
move Bitcoins around between each other for a small fee.

Ethereum is what runs all of the other cryptocurrency architecture.15 
A  lot of the cryptocurrencies don’t have their own Blockchain. They 
reside on the Ethereum blockchain that provides a kind of platform, a 
bit like Amazon Web Services. It allows you to run code on the block-
chain itself, and this has facilitated development of the various crypto-
currency offerings.

They can be thought of as ‘decentralised finance’ (DeFin) applica-
tions. There are even ‘stock exchanges’ that are running in this way on 
the Internet. I think Venezuela has put their entire Stock Exchange into a 
decentralised format on the Ethereum blockchain, but there’s also lend-
ing that you can do there. Ethereum is effectively a ‘second-generation’ 
version. It’s a lot more known and controlled by a high school drop-
out called Vitalik Buterin,16 who recently became the second young-
est billionaire after Bill Gates. The Ethereum Foundation retained the 
first 2,000,000 blocks of Ethereum, which is worth about $2.5 billion. 
They continually improve the working and architecture, just as with any 
start-up.

ML: Is your catchy article title ‘Bitcoin’s Dirty Little Secret’17 a reference to 
its mining energy use? And how significant is this issue on a global scale?

SF: It’s a really big issue and it is a reference to electricity consumption. The 
Bitcoin network currently uses significantly more power every year, than 
Ireland as a country. It’s because there’s so much wasteful computation 
going on; we’re all guessing and checking, and we may all be guessing 
the same incorrect answers before somebody eventually solves the block. 
Also, as the price goes up so does the intensity of the competition.

If you’re going to solve, say, twelve and a half (12.5) Bitcoins at once 
and you think that each of those Bitcoins is worth $50,000, that’s a very 
quick way to make $600,000 in 10 minutes. There’s a lot of competition 
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for the mining of new Bitcoins and it ends up consuming a heck of a 
lot of electricity. This is one of the reasons that cryptocurrencies, such 
as Ethereum, are moving towards a ‘proof-of-stake’ network rather than 
‘proof-of-work’.18

In the new mode, you don’t need to be working against each other 
simply to arrive at a consensus about which transactions should be 
included in the blockchain.

ML: You have written about the market structure of cryptocurrencies.19 How 
would you characterise the current market structure globally, and what 
are the regulatory control systems bearing on it?

SF: The different cryptocurrencies trade 24  hours, seven days a week on 
centralised exchanges where there’s a single point of balance.20 In the 
same way, you might think about the Australian Stock Exchange (ASX) 
although there would be fewer household names that are trading on 
crypto exchanges.

The problem with centralised exchanges is that they can be hacked. 
If you have your shareholding certificates and if the ASX goes down no 
one really cares because your stocks are still there. The cryptocurrency 
network is a little bit different because there’s the ability to move the 
assets around without anyone knowing who you are. There have been 
numerous hacks of exchanges where people’s cryptocurrencies have 
been stolen and moved around. So, the crypto market structure from a 
trading perspective looks very similar to a typical stock exchange.

As far as regulation goes though, many regulators, particularly the 
Australian regulators, have been reluctant to help guide this nascent 
crypto industry along a path that would facilitate its innovation. There’s 
not a lot of regulation at the moment in Australia. AUSTRAC, just 
as they monitor bank transactions, also monitor crypto transactions 
through these cryptocurrency exchanges.21

But it really hasn’t given any development guidance. The UK, on the 
other hand, through the Financial Conduct Authority (FCA), has cre-
ated ‘regulatory sandboxes’ to try to facilitate various cryptocurrency 
innovations.22 If you think about the dotcom bubble in the 2000s, you 
didn’t throw the baby out with the bathwater. There were a lot of good 
innovations, but there were also a lot of scams. It’s the same potentially 
with crypto.23

ML: Sean, how much illegal activity is operating using cryptocurrencies like 
Bitcoin, such as money laundering and tax evasion? What sectors are 
we talking about – drugs, sex, and gambling? What’s going on with the 
illegal dark side?

SF: Everything, and anything, is going on.24 You can hire a ‘hitman’;25 pay 
for ‘live streams’ of all sorts of services; buy credit card details; buy illicit 
or prescription drugs. You can request that someone be hacked. There’s 
all sorts of stuff going on in the ‘Dark Net’.26 If purchasing drugs online, 
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I may be reluctant to use my credit card and also, sending large wads 
of cash in the mail is not advisable or provable. So just in the same way 
that eBay really hit its stride when it was partnered with PayPal, there 
was an explosion in the ‘Dark Net’ around 2013 when it became pos-
sible to send a unit of value that was difficult for regulatory authorities to 
track over the Internet. For the illicit drug networks, it removed banks 
as intermediaries in the transactions which was similar to the disrup-
tion that eBay posed to traditional bricks and mortar shops by remov-
ing them as intermediaries between suppliers and customers. Instead of 
going into a dark alley and negotiating with somebody you don’t know 
about with a wad of cash in your pocket, what you saw instead was a 
marketplace where people could rate each other, for example, for provi-
sion of drugs and various services. They’d have a reputation and a rating. 
You’d know exactly what kind of thing you were getting.

You wouldn’t have to worry about it being necessarily ‘adulterated’ 
with say, strychnine or rat poison or whatever. In this way, we saw this 
facilitation of illegal drug trade using crypto. I like to think about it as in 
‘waves of adoption’. Initially crypto, or Bitcoin, was just something for 
nerds and no one really had an application of why we would want this 
distributed Internet currency. Its first real application, the second wave, 
was the ‘Dark Net’ where it became used for money laundering, gam-
bling and the avoidance of capital controls. For example, getting money 
out of countries like Korea, Brazil, Russia, China where it’s not easy to 
move your money across borders.

The third wave was speculators. As the price of Bitcoin rose and peo-
ple used it for whatever purposes, the speculators moved in to capitalise 
on the movement. Then and over the past two to three years, the hedge 
funds moved in. Now, we’re seeing what I consider to be the ‘last wave’ 
of investment, which is Bitcoin ‘exchange-traded funds’ (ETF).27 Can-
ada has authorised four, or five, such funds. In some countries, they’ve 
got a few.

Australia is currently looking at regulating Bitcoin and Ethereum 
ETF on the Australian Stock Exchange (ASX).28 This means that you 
don’t have to handle the transactions yourself; you can buy just as you 
might an ASX200 ETF on the ASX.

ML: Some mainstream businesses are now getting behind cryptocurrencies, 
aren’t they? For example, Elon Musk saying that he’s going to accept 
Bitcoin as currency for his EVs and various other developments.29 How 
is the world of commerce buying into this?

SF: More and more corporations are able to accept Bitcoin or Ethereum 
as a unit of currency. It’s moving away from those illegal corners of the 
Internet to becoming more mainstream. As you say, Elon Musk has 
said that he’d accept Bitcoin. Microsoft accepts Bitcoin, and some credit 
cards will store your balance in Bitcoin or Ethereum.
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Anytime you make a transaction, it’ll just tell you how much crypto 
you need to make the purchase that you require. We’re seeing a lot 
of integration with mainstream commercial players. I think people are 
starting to see the value in it. You’re starting to see institutional adop-
tion too.

Coinbase is one of the largest cryptocurrency exchanges and it 
recently listed on the NASDAQ in the US.30 Regulation is coming full 
circle, and recognising that cryptocurrency is here to stay. We might 
have said that Bitcoin was a fad in 2015 and that it will blow over, but 
it is not a fad.

We’re going to see a continued wave of innovation, particularly on 
the Ethereum blockchain. As we move to digitised finance, you get lend-
ing applications, decentralised marketplaces, non-fungible tokens (NFT) 
for art, all sorts of weird and wonderful ideas that can be facilitated by a 
blockchain; not just the movement in store of value.

ML: If you buy Bitcoin, can you cash out or are you stuck with Bitcoin?

SF: It’s just like any other asset. If you buy BHP shares, you’re not stuck 
with BHP. You can trade that BHP stock back for Aussie dollars and 
then go buy RioTinto, Telstra or any other stock. It’s quite similar to 
Bitcoin. You can move it to an exchange, and from there you can sell it 
back for US$, AU$ or any of the other cryptocurrencies.

ML: You hear apocryphal stories about losing your password,31 or the website 
reference; so how is that going to work out?

SF: Yes, it definitely is an issue and I think that’s why a lot of people choose 
to leave their cryptocurrency on an exchange. We’ve got exchanges like 
BTC markets who facilitate the trading of Aussie dollars into cryptocur-
rencies. If you leave your Bitcoin with them, you’ll be calling them then 
if you lose your password. It’s fine.

Whereas, if you choose to withdraw that Bitcoin from the exchange 
and store it in your own home drive; then yes, if you lose the private keys 
for that Bitcoin address, you will have lost your money. There is no 1800 
number to call for assistance!

ML: Didn’t Facebook try to launch a crypto digital currency called Libra?32

SF: Yeah, the Facebook Libra was a project that was meant to be launched 
in 2020, and they’d started talking about it in 2019. It’s subsequently 
turned into something called Diem,33 with the idea that Facebook 
looked to create its own ‘fiat currency’ that would have some sort of 
stable value,34 rather than with the price of Bitcoin which is entirely 
unregulated and oscillates wildly as we know.

At the other extreme is what we call central bank digital currencies.35 
China has just introduced one. Finland and Switzerland are looking at 
implementing their own, which is effectively just a tokenised Aussie 
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dollar, which would have a pegged one-to-one value with a single 
national currency. Facebook Libra or now Diem was proposing to cre-
ate a ‘basket of currencies’ using the British pound, the Euro and the 
US dollar. You would peg one Diem to the basket mix and it would 
always have a value related to the currencies of those large, developed 
economies.

About 20% of the world population, particularly in, say China, India 
and Africa; there are large numbers of unbanked individuals. So in coun-
tries like Ghana and Kenya, mobile phone companies step into the bank-
ing void and set up phone credit systems as a form of currency that 
people found very accessible and easy to transmit using their mobile 
phones.

I can send you $6 with Vodafone, and you could send $5 to your 
friend, and they use it as a mechanism of payment, particularly when 
they don’t have banking infrastructure in place. Facebook realised that if 
they could make a stable store of value then they would be able to cap-
ture a large portion of this global unbanked population.36 They would 
do that by joining with other companies who would act as validators of 
the transactions so it wouldn’t be as electricity intensive, or wasteful as 
the ‘proof-of-work’ crypto network.

Companies like Uber and Visa would form the basis of this network 
and if the price of the currency went up, say because too many people 
bought them, then they would just print more. If the price of the Diem 
dropped too far away from the peg that they had committed to, then 
companies like Visa and Facebook would be tasked with buying back 
some of the Diem to maintain its value. That is the essential idea behind 
the Facebook cryptocurrency proposal.

ML: Another concept that comes in here is ‘fungibility’, meaning that any one 
dollar is much the same as another dollar; and one Bitcoin, as I under-
stand, is much the same as another Bitcoin. In other words, they are 
‘fungible’ or directly and mutually replaceable.37 But now we have this 
category of rather intriguing, so-called ‘non-fungible tokens’ (NFT),38 
and we’ve just heard about a world record price of many tens of millions 
of dollars being paid for a piece of artwork in a JPEG, digital form which 
doesn’t even belong to the person that buys it.39 What’s this all about?

SF: That’s exactly right. One BHP share is much the same as another and 
I  can trade them all independently in that they don’t have individual 
serial numbers. They are fungible assets.

On the other hand, things like artwork or properties, are non-fungible, 
for example, my house is not the same as your house, even if they’re 
on the same street. The Ethereum network has provided the ability for 
non-fungible tokens to be traded.

People are just starting to investigate the idea; it’s almost like baseball 
cards in a sense, or comic books. You’ve got a certain asset that is not 
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the same as another and we can create these different classes of almost 
collectible items. Artists like Banksy and others are trying to put onto a 
blockchain the ownership of this electronic artwork. I think it is quite 
strange, even bizarre because the only benefit you get is the ability to 
say: well, hey, that belongs to me; bragging rights maybe. Anyone else 
can still reproduce it, copy it and whatever.

ML: Is there some speculative or gambling element involved in these NFTs?

SF: There is definitely a speculative element but if you think about graffiti 
artists like Banksy, it is hard to sell your work on a piece of a wall so 
maybe this is a way to monetise a different art form. It does feel like a 
speculative bubble and who knows where it is going to go. While I own 
a whole bunch of Ethereum, I won’t be rushing out to buy a whole 
bunch of digital art.

ML: How are mainstream banks, say the ‘big four’ in Australia, approaching 
cryptocurrency?40

SF: For many years they’ve approached it with a very long pole and with a 
lot of caution. The major currency exchanges in Australia have been very 
public with their experiences by which they were ‘debanked’ and the big 
four refused to deal with them. This was probably driven by a regulatory 
regime and the perception that Bitcoin is driven primarily by money laun-
dering and that touching it is very risky.41 But I think that is changing.

Recently, we’ve seen the launch of Coinbase on NASDAQ and that 
resulted in part in a significant windfall of over $200 million to West-
pac from its seed investment it made in that fledgling exchange two or 
three years ago.42 The major banks are starting to see this as a legitimate 
investment and with a slightly less cautious approach to cryptocurren-
cies. But it does pose an existential threat.

There are a number of emerging services, for example, you can bor-
row against your Ethereum by taking a spot contract and borrow dollars 
or AUS$ as you would against your house as an asset. If the asset price 
falls, they sell your Ethereum and you get the start. It’s threatening to 
the governments’ role as an economic entity and they have been wary 
of Libra and Diem by putting up barriers and regulatory hurdles to 
them. If all trade were to use, say, Diems instead AUS$; then the gov-
ernment can’t print money, can’t sell money, can’t control money via 
interest rates, etc.

There are similar existential threats to banks. If you start moving pay-
ment networks and borrowing and lending away from the big four, it 
is a big threat not only to the banks but in part to the economy which 
is heavily tied to financial services.43, 44 But if we can harness the ben-
efits that are already here, such as decentralised registries, decentralised 
exchanges and decentralised lending; then we can become an innovator 
and continue to remain a global leader in financial services.
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ML: You mentioned countries such as China moving to and thinking about 
national currencies using a cryptocurrency base. Could this become 
significantly disruptive to countries’ macroeconomic policies and 
currencies?

SF: Totally. I think that is why China has been so keen to adopt the digital 
yuan, e-CNY or e-RMB. They recognise the threat posed by a central bank 
digital currency (CBDC) to traditional payment system networks, such as 
SWIFT, who are quite worried about international money transfers.

It definitely has the potential, if the digital yuan is used as the ‘rails’ by 
which to move funds in and out of the crypto sphere. It may threaten, 
for example, the role of the US$ as the main reserve currency.45

We’re starting to see central banks globally adopt cryptocurrency as 
a reserve asset alongside gold, the US$ backing that they tend to hold. 
It’s an evolving space and it’s threatening not just to regular enterprise 
but also the role of national currencies as a stronghold of values globally.

ML: You’ve mentioned some consideration by the Australian government of 
regulatory systems for cryptocurrency. Is the RBA playing in this space, 
pronouncing any views or doing anything?

SF: The RBA has been looking at creating a central bank digital currency 
for the Australian dollar, but they’ve been talking about this for the last 
five years, so I’m not holding my breath.46 But they are definitely cog-
nisant that this is something they need to at least be aware of and maybe 
start playing in.47

Conclusion

Cryptocurrency, most widely known through Bitcoin, is a potentially highly 
disruptive technological innovation impacting globally and domestically on 
banking, finance, investment and trading systems. It is developing rapidly and 
at the early stages of the innovation hype cycle that sees it moving through 
phases of high expectations, through disappointed expectations and eventually 
to widespread diffusion and adoption.

From a business model sustainability perspective, it is at too early a stage to 
make judgements. But as a frontier of often marginal economic activity, the 
technology has already been exposed as highly energy consuming, exploitative 
of labour, and speculative financially to the extent that it potentially threatens 
consumer confidence.

The key underlying technology is Blockchain which provides a platform for 
distributed ledger keeping, accounting and auditing not only of currencies but 
in many other sectors and supply chains of economic activity. The authentica-
tion and validation of crypto transactions involve a process known as ‘min-
ing’ that consumes vast amounts of computing power and associated energy, 
on the scale of small country electricity consumption, to competitively solve 
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complex ‘blocks’ of encrypted codes that is called ‘proof of work’. These ‘min-
ers’ tend to be located close to large power stations in developing countries 
where labour is cheap and energy is produced by fossil fuels.

As it moves through successive waves of innovation or disruption from 
marginal through to mainstream, it draws in a wider array of users and busi-
ness models, including hedge funds, investment funds, exchanges, crypto 
platforms such as Ethereum, corporations, banks and governments, including 
central banks. A myriad of potentially highly disruptive, decentralised finance 
applications holds out the prospect of democratising access to finance, particu-
larly in poorer countries with large, ‘unbanked’ populations.

Cryptocurrencies have been developed in lightly regulated, if not unreg-
ulated, environments which has been a spur to their innovation and diffu-
sion. Increasingly, however, governments and international organisations have 
been moving to put in place-specific regulations, compliance and enforcement 
regimes. Inevitably, as digital currencies move through the early stages of their 
hype cycle and innovation waves; government regulators are prompted into 
action by high-profile failures, scandals and frauds such as FTX48 that precipi-
tates a sense of crisis.49 
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Introduction

There is a renewed political interest in nuclear energy issues at the national1, 2 
and state government levels,3 including in NSW in the context of decarbonisa-
tion, energy and climate policies.4 A report from the NSW Legislative Council, 
Upper House, recommended lifting the ban on nuclear energy exploration 
and use in NSW.5 There’s also a draft bill to that effect before the NSW Par-
liament,6 from upper house One Nation member Mark Latham. The then 
Deputy Premier, National Party member John Barilaro has been promoting 
the role of nuclear reactors and energy, including small, modular nuclear reac-
tors (SMRs).7

The NSW Productivity Commission in a broad-ranging report aimed at lift-
ing the productivity of the NSW economy commented, among other things, 
the opportunities emerging for SMRs for electricity generation and recom-
mended removing the regulatory ban for SMRs.8, 9 These reports focus on 
‘innovative new nuclear power technologies’ and especially on ‘emerging new 
generation iii and iv reactors’10 including SMRs.11

Keywords: AUKUS (Australia-UK-USA trilateral security pact), climate 
culture wars; cost overruns; decarbonisation; economics of nuclear power 
generation; electricity costs; energy; floating reactors; global nuclear indus-
try; innovation learning curve; nuclear; nuclear fuel cycle; nuclear renaissance; 
SDG 7; reactor decommissioning; renewable energy cost; small modular 
nuclear reactors (SMRs); technology neutral
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The Interview

ML: Jim, what exactly are we talking about when we talk about small, modu-
lar nuclear reactors (SMRs)? What is the specific technology involved 
and why is it suddenly surfacing in political debate, particularly in the 
context of climate change policies?

JG: Those are very broad questions, so I’ll take them in turn. What are we 
talking about? There’s a history with SMRs, and it’s a history of failure 
to date. The US Army was into the idea going way back 50 years or 
more. In fact, eight of these reactors were problematic and expensive 
and the programme was discontinued.13

The most interesting example is India, because that’s the only coun-
try where there’s been any serial continued rollout of a particular type 
of small reactor. It is the only real-world ‘test case’ we’ve got of whether 
the costs really come down and whether you can learn from your mis-
takes and improve the technology.14 And it wasn’t a great experiment, 
the best evidence being that the programme has been completely dis-
continued by the Indian government. Also, one of the ideas is that you 
can build these reactors quickly. But India built them very, very slowly, 
building one gigawatt of capacity, which is the equivalent of one large 
reactor, but over two decades. There was nothing exciting in that exper-
iment which, as I’ve said, has been discontinued. To sum up, what we’ve 
got now, there’s a few reactors that are under construction which have 
been described as SMRs, although they only loosely fit that definition.15

Argentina has been building one for decades, but the cost has esca-
lated obscenely, with a 22-fold increase. They’re looking at the best part 
of a billion dollars for a very small reactor at just 30 to 35 megawatts 
(MW). This is ridiculously expensive. Russia built a ‘floating reactor’, in 
other words, a twin reactor mounted on the back of a barge. The cost 
of that increased fourfold. The power it produces is estimated to cost 
$260 Australian per MW hour. To put that dollar figure in context, the 
Minerals Council of Australia says that you’d need to produce power at 
$60–80 Australian per MW hour to be competitive, which is far lower 
than the actual Russian reactor cost. Ghana is building some reactors, 
but they’re not terribly serious about it, and there’s concrete evidence 
that it is linked to their weapons programme and not to any interest in 
low-carbon electricity.

In summary, there’s very few of these reactors under construction or 
operating. It’s just an awful lot of hype and an awful lot of companies 
that are trying to attract government funding. That’s really the main 
activity that’s going on in the SMR sector.

ML: The nuclear power industry has been operating on a large scale glob-
ally for some time now since the Second World War. So why are small 
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reactors now being talked about against the backdrop of what is hap-
pening with the global nuclear industry? Is it an industry that’s growing 
with investment and production of electricity and with a place in the fuel 
and energy mix going forward on a global scale?

JG: One-word answer is definitely, ‘no’. A  short summary of the industry 
tells a fascinating story. The current number of nuclear reactors and 
power output is much the same as it was a decade ago. In fact, it is much 
the same as it was 30 years ago. There has really been no change.

You might remember all that talk about a ‘nuclear renaissance’ a 
decade ago and they did get up a head of steam.16, 17 The number of 
reactors under construction jumped very sharply in the late 2000s. So, 
there was some reality to this ‘renaissance’; although there was nothing 
superhuman about it, had it continued, the industry would have been 
on a path for slow growth. But it didn’t continue. The disaster that 
upturned the whole nuclear industry was, as everyone knows, Fuku-
shima (2011).18 There were multiple fires and chemical explosions that 
had a dramatic negative impact on the nuclear industry, not only in 
Japan but worldwide.19, 20

That’s the disaster that everyone knows about, but people are not 
so familiar with other nuclear ‘economic disasters’. In the UK, there 
were six projects, only one of which has gone ahead and that is costing 
roughly A$25 billion per reactor for large reactors.21 Even so, $25 bil-
lion is right out of the ballpark in terms of being cost competitive with 
non-nuclear alternatives.

I could give many other examples, but I’ll just give one more. In the 
United States, the country with more reactors than any other country 
and more nuclear experience. Again, there were dozens of proposals, 
but only two of them got off the ground, one of them in South Caro-
lina, and they abandoned that project in 2017 after the expenditure 
of A$13  billion. They ended up with $13  billion worth of concrete 
and scrap metal sitting at an unused nuclear plant. The other project in 
the United States is in Georgia and will likely reach completion sooner 
or later.22 The original project cost estimate for two large reactors was 
A$20 billion. The current cost estimate is A$40 billion, so again, it’s 
well out of the ballpark economically.

ML: Am I getting the impression that on a global scale, the rate of invest-
ment and production of nuclear-powered electricity is flattening out or 
falling? And that new nuclear plants are not being invested in around the 
world?

JG: Some are, but not a great number, and currently – and over the past dec-
ade or more – the number of new reactors coming online has matched 
the number of reactors that have been shut down. We’re not going to 
see a repeat of this 30-plus year pattern of stagnation where the number 
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of reactors now is much the same as it was 30  years ago. That’s not 
going to happen because 30 years ago we had around 400 reactors that 
were new or young and had a long lifetime ahead of them. But currently, 
we’ve got a global fleet of power reactors that are ageing and are nearing 
their shutdown time.

Even organisations like the International Energy Agency (IEA) use 
terminology like a ‘tsunami’ of reactor closures and de-commissionings 
coming up. The industry would need to build about ten reactors 
every year worldwide just to stand still and to maintain the current pat-
tern of stagnation, and there’s no sign of that happening. If you look at 
the past few years, the number of reactor construction starts has been 
three or four. Well short of the ten that they would need just to stand 
still, let alone to have any growth.23

The reason I’m talking about large reactors is by way of ‘segue’ into 
this discussion about SMRs. The only reason there’s all this hype about 
SMRs currently is because more and more people, companies, govern-
ments, and utilities are quite aware that the prospects for more large 
reactors are vanishing by the day. If the industry is going to survive, it 
will have to innovate. It’s in that context that they’re reinventing this 
idea of building fleets of small, modular reactors.

ML: It is against this background, that we might see this interest in small 
reactors as sort of response to the situation with the big ones; with the 
smaller ones offering presumably for the proponents the idea that they’re 
safer because they’re smaller scale, cheaper to build, and less risky, if they 
can be developed properly and implemented. I believe that there was a 
CSIRO report in the past year or so looking into the cost and technol-
ogy of small modular reactors of the sort we’re discussing.24 What were 
its findings?25

JG: It didn’t really cover itself in glory because the source of their cost esti-
mates was unclear. With that qualification and accepting their estimate 
that power from SMRs, it would cost roughly A$300 per MW hour. If 
you look at wind and solar at a cost of $50–60 per MW hour, you see a 
massive difference. There’s also been some work looking into compar-
ing nuclear costs versus the costs of renewables plus storage. And again, 
without getting into the details but broadly speaking, it seems clear that 
renewables plus storage is a cheaper option than SMRs or large nuclear 
for that matter.26

ML: You mentioned in passing SMRs being cheaper and less risky and so 
on. Those claims are hotly contested and not something that everyone 
would accept. When you look at the cost of SMRs or any investment, 
you’ve got to distinguish between the construction and the long-term 
operating life. What is the situation with construction costs per unit of 
energy delivered with small modular reactors?
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JG: Well, there’s so few projects on which we can have a reality-based dis-
cussion of costs, but I mentioned the ones with which I’m familiar. The 
one in Argentina is interesting because it’s a scaled-down conventional 
power reactor and its cost ought to be manageable, but it’s not. It’s the 
best part of a billion Australian dollars for a reactor which will have 32 
megawatts of outputs, making it obscenely expensive.

The Russian one, from memory, was similar, maybe about a billion 
dollars with capacity of about 50 megawatts. The Russians are using 
that floating reactor to power oil and gas drilling for fossil fuel mining 
operations in the Arctic and not for any interest in low-carbon energy. In 
that case, what options do you have for power generation in the Arctic 
since you can’t just connect to the Russian power grid in such a remote 
area? Maybe it’s economically viable in such niche applications but it’s 
certainly not for mainstream power supply, whether in Russia, Australia 
or anywhere else.

That also touches on an important point. There might be some niche 
applications for these small reactors, in our fossil fuel mining operations 
in the Arctic, the South China Sea or elsewhere, and in quasi-military or 
geopolitical operations. For example, Russia’s attempts to attain control 
of the Arctic area and the Northern Sea route is a classic case. They are 
planning to build more floating power reactors for that purpose, but as 
I’ve just mentioned that has no relevance whatsoever to large-scale sup-
ply of electricity in any country, including Russia or Australia.27

ML: Because costs are such a major issue, I understand that the previously 
mentioned CSIRO report quoted something like A$16,000 a kilowatt 
for construction but that subsequently they revised that cost downwards 
by more than half. Does this reflect some huge innovation learning 
curve,28 where the costs of these small reactors are falling steeply?

JG: Yes, that’s the theory and you are right with those figures. CSIRO gives 
a range of possible figures, but the current construction cost figure 
they’re sticking with is in that range of $16,000 per kilowatt and they 
do anticipate further learning and sharp drops in cost over some decades 
hence.

The problem I have with that is that there’s no history of learning 
in the nuclear industry. It’s often said to be the only industry with a 
‘negative learning’ rate, even in countries which really ought to be able 
to improve their performance, such as the United States and France, the 
two countries with the most reactors. Costs have clearly increased, so 
there’s a negative learning.

Why would you be assuming that the costs of new reactors, small or 
large, would be dropping more than half the current value when the 
experience has been that costs increase? It just doesn’t make any sense. 
I think that CSIRO and our own Australian Energy Market Operator 
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(AEMO) were also getting bullied and harassed and they’re just throw-
ing the ball back into the nuclear lobby court.

If I may segue into another point; so much of this stuff just doesn’t 
matter. There may be this minority nuclear push in NSW that you’ve 
mentioned; but for the government and its leaders – such as the Premier 
and the Energy Minister – it is a case of in one ear, and out the other. 
They understand that nuclear power is not viable economically. That it 
would be difficult politically. They are just not interested. They know 
that renewables are far cheaper. The federal parliament held an inquiry 
two years ago, and one of the fascinating features was the critical nega-
tive submissions about the prospects for nuclear power from the South 
Australian Liberal government, from the Tasmanian Liberal govern-
ment, from the NSW Coalition government, though I’m not sure, but 
also definitely from the Queensland Liberal National Party.

Meanwhile, there’s a push going on at the fringes which I  would 
generally describe as being part of the ‘climate wars’ and the broader 
‘culture wars’, hence the involvement of people like Mark Latham and 
John Barilaro. But governments have to deal with these issues seriously, 
whether Labor or Liberal, at state or federal level, and they’re just not 
interested at all.29

ML: You mentioned that the innovation learning rates in nuclear gener-
ally and including small nuclear reactors are negative, that is, cost 
increases over time rather than falling. Why is that the case? Nuclear 
reactors have been around a long while, even the small ones, and have 
also been operating in small niches like submarines. Is there a technol-
ogy problem with nuclear per se? Why are the costs so out of hand and 
unpredictable?30

JG: A lot of people who are much more familiar than I am with the details 
of these issues still throw their hands up in the air and I can’t really work 
it out. My best answer is that safety requirements have increased over 
the years and that simply means more costs: technology costs, buffer 
zones, regulatory costs, and insurance costs, although the latter are usu-
ally covered by the state, but all these sorts of costs have been going 
up year on year and decade on decade. I would say that’s the main rea-
son why you get a negative learning rate with nuclear.

The industry’s main response to that has been to increase the size of 
reactors. The ones that have been built in the UK are gigantic; two reac-
tors at 1,600 MW each, whereas a typical large reactor is 1000 MW. But 
the reason I mention that is that it’s just so counterintuitive and argu-
ably so ridiculous to imagine that small reactors will solve the economic 
problems when they will almost certainly worsen them because you get 
dis-economies of scale. If you’re building say, a 250 MW reactor, you 
will get one-quarter of the power of a 1000 MW large reactor, but all 
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your other costs are not going to scale down by a factor of four. There 
are big economies of scale in nuclear reactors, in materials, staffing, secu-
rity: those sorts of things don’t simply scale down with smaller reactors 
which just don’t make any economic sense

For all the hype around SMRs, the level of private-sector funding is 
laughably low and not nearly enough to get projects off the ground. Gov-
ernments are also very sceptical. Typically, if you’re looking at the US or 
Canada or the UK, they’re throwing tens of millions of dollars at some 
of these projects, but you need hundreds of millions, indeed billions of 
dollars to get these reactors off the ground and it’s not at all clear where 
that money is going to come from. A few of these small reactors will be 
built because there’s such desperation in the industry that they’ll throw 
in some dollars and lobby furiously for government subsidies but most 
of it’s just hot air. It’s going nowhere.31

ML: Some of the argument that’s been made for SMRs, including here in 
NSW, suggests that there is a place in the response to climate change; 
because they’re obviously, a non-greenhouse gas emitting energy source 
and therefore good for the environment, but can the project timelines 
involved, deliver an impact on the time frames needed to meet the cli-
mate target commitments?

JG: Again, there’s just so few real-world, completed projects on which to 
base an answer to that question.32 I  have done calculations for those 
three or four projects where some figures were available, and construc-
tion time frames have been 8 to 12 years, and in some cases those reac-
tors have been completed.

In Argentina, they’ve been talking about building SMRs since the 
1980s, and they still haven’t built their first reactor. When we’re talk-
ing about learning rates, you know, the industry in their imagination 
thinks that you might build these small reactors over a period of three 
or four years, and you’ll learn from your mistakes and improve the tech-
nology and it’s going to work like that. But in Argentina, they’ve been 
talking about this endlessly for 40 years and still haven’t built their first 
reactor.

ML: Government regulations have possibly been a factor in the slowing of 
these learning rates from a safety and other points of view. The reports 
in NSW, particularly the Productivity Commission report, seem gener-
ally to place strong emphasis on improving productivity in many sectors 
by deregulating what it calls ‘outdated’ regulations. The NSW Legis-
lative Council committee recommended that the government should 
deregulate nuclear small modular reactors so that the private sector can 
get ahead with it at a faster rate.

JG: Yes, it’s interesting. I mean, it’s a defensible position to be critical and 
sceptical of nuclear power, but still to want the bans at state and federal 
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levels to be repealed. As you’d know, Friends of the Earth (FOE) and 
other like-minded groups have some predictable responses to that, 
whether it’s waste management, safety, public acceptance and so on.

Another important point is that nuclear energy politics is tied up 
with the political ideology of the ‘culture wars’. That’s why people like 
Clive Palmer, John Barilaro and Mark Latham are involved; they are the 
‘culture warriors’. If you turn on Sky News and watch for a couple of 
months, I’ll bet you they’ll be promoting nuclear power as part of the 
‘culture wars’.

The risk and one of the reasons why we should maintain the nuclear 
bans is to protect taxpayers from ‘nutjob’ ‘culture warrior’ politicians 
who would gladly bet billions of dollars of our money on extremely 
high-risk projects. To give just one example of how high risk these pro-
jects can be and how much taxpayers can lose, take the United Kingdom 
twin reactor project. The cost, as I mentioned, is about A$25 billion per 
reactor while the Chinese and French investors are being guaranteed a 
very healthy sum for every unit of energy produced by their reactors for 
35 years.

That subsidy is already roughly twice the going rate for wholesale 
supply of electricity in the UK. The total subsidies for that project, the 
European Union estimates at £30 billion or EUR 58 billion.33

A A$50 billion subsidy is just unbelievable. Those are the sorts of 
costs that I don’t want to be imposed on me or you or any other Aus-
tralian taxpayer by crackpot ‘nutjobs’. The current legal bans protect us 
from those economic risks and that’s one of the strong reasons I think 
the bans should be maintained.

ML: The government report that I mentioned is calling for a ‘technology 
neutral’ approach to climate change responses.34 Yet, as we can see, 
nuclear power seems only able to survive with supporting regulatory 
systems and vast public subsidies.

JG: All technologies are not ‘neutral’. There’s only one energy source that 
can and has been used to produce material for weapons of mass destruc-
tion, and that’s nuclear power and the nuclear fuel cycle, generating 
highly enriched uranium or plutonium for nuclear weapons, or also 
tritium, which is used to initiate and boost nuclear explosions and other 
materials as well. There is a real history here with half of the ten coun-
tries that have produced nuclear weapons to have done so under the 
cover of civil nuclear programmes. Australia makes a fascinating case 
study.35

There’s only been one serious push for nuclear power in Australia 
and that was under Prime Minister John Gorton in the late 1960s, and 
he later admitted that one of the reasons they wanted to build a nuclear 
reactor was to give them the plutonium. That would have given them 
the option of building nuclear weapons if they wanted to go down that 
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path. That’s one of the many issues on which the Productivity Report 
simply failed to consider in its superficial analysis.

Conclusion

In Australia, there has been a latter-day push for the adoption of SMRs as 
a carbon-free path to tackling climate change and meeting carbon emis-
sion commitments and targets. This has been promoted largely by fringe 
politicians associated with the broader political ‘climate wars’ and ‘culture 
wars’,36, 37 including within the NSW Parliament by committee reports and 
draft legislation calling for a lifting of the legal and regulatory ban on 
nuclear power. The NSW Productivity Commission advocated a broad 
programme of sector-wide deregulation to boost productivity including 
for a ‘technology’ neutral response to climate change that would embrace 
nuclear power. But no technology is ‘neutral’ and not least nuclear technol-
ogy with its track record of ‘mass destruction’ military use and global arms 
proliferation.

On a global scale, the civil nuclear power industry has hit a 30-year plateau 
from which it is unlikely to recover, driven not only by the impact of the Fuku-
shima disaster but primarily by the soaring costs of nuclear power in defiance of 
any apparent cost reductions through the innovation ‘learning curve’. Private 
investors will not commit without enormous public subsidies since nuclear 
generation cannot approach the cost-effectiveness of alternate sources, includ-
ing the growth of renewable energy technologies. SMRs have been touted as 
a cost-effective innovation but despite a long history of very high cost, niche 
applications, including on nuclear submarines,38 and for remote area fossil fuel 
development in the Arctic, only a handful of attempts have been made over a 
couple of decades to build them, with projects and programmes abandoned at 
much cost and over lengthy periods of development.

Even if SMRs are able to be built and operated cost-effectively, the lead 
times involved in development make them unable to deliver carbon-free elec-
tricity on the time scale required to meet carbon emissions reductions to fulfil 
climate change commitments and targets.
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Introduction

The former Chief Scientist of Australia, Alan Finkel, developed a National 
Hydrogen Strategy which was subsequently endorsed by governments, in 
which he argued –among other things – that we have an opportunity to ship 
sunshine to the world. (2019: v).1 That was the vision for transforming Aus-
tralia into a hydrogen-based economy.

Hydrogen is probably the most abundant element on earth. It’s very 
light as a gas, but the problem is that it doesn’t occur freely. It occurs in 
combination with other elements and to access it as a potentially low-carbon 
energy source and to help us with decarbonisation in response to climate 
change, we have to apply energy to it, whether it’s in the form of water or 
hydrocarbons.
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The Interview

ML: To what extent was the National Hydrogen Strategy (2019) taken up 
and funded? How does that fit in with the overall national approach 
based on a ‘Technology Roadmap’?4

TW: The government has identified that to move towards a ‘net-zero-emissions’ 
economy over the coming decades5 – as everyone basically agrees – there 
is a need to debate how quickly we can get there. A range of technol-
ogy development is required. There are known technologies that will 
contribute to an accelerated reduction in emissions, for example, solar 
is a low-cost renewable energy that can replace fossil fuels. However, in 
other sectors, that’s not so easy. The technologies are either expensive or 
not so clear, and that means technology development is required.

Accordingly, the government commissioned its Chief Scientist, Alan 
Finkel, to develop a ‘technology investment roadmap’.6 I would disagree 
with the government though, when they say it’s all about technology 
and not taxes.7 I would argue that it’s technology and taxes, because 
it’s all very well to get new technologies in place but still need to have 
some way in which people, the community and energy consumers in the 
market would actually pay for these new ‘green technologies’. That’s the 
fundamental reason for having a technology investment roadmap. It is 
now, however, in its present form, one of the key planks of the govern-
ment’s climate, long-term emissions reduction strategy. It’s also part of 
what the government will take to the big international climate confer-
ence, COP26, which was delayed from last year, but will now be held 
in Glasgow probably later this year.8 The role of hydrogen technology 
features as one of a number of new technology opportunities in the 
roadmap, the government’s zero-emissions strategy, as well as in the 
national hydrogen strategy.

ML: What role can hydrogen technology play and what is the opportunity it 
offers for Australia as a source of very large-scale, low-cost, renewable 
energy?9 The roadmap generally doesn’t set targets or much of a timeta-
ble, but in respect of hydrogen it flags green hydrogen, green steel and 
green aluminium as areas of opportunity. The investment envisaged is 
in the order of $300–400 million but is this on the scale and timeframe 
needed to meet emissions targets? What is the idea anyway of ‘green 
hydrogen’?10

TW: Hydrogen doesn’t naturally occur by itself but in combination with other 
elements. There are two common and widespread forms of hydrogen 
compounds. First, as hydrocarbons, which are manifold combinations 
of hydrogen and carbon in various proportions, for example, as natural 
gas or even LPG. The challenge with hydrocarbons is that when burnt 
as a fuel, they produce greenhouse gases.
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The second most common form of hydrogen is the water molecule, 
combining hydrogen and oxygen in a ratio of 2:1 molecules, respectively. 
The way we mostly use hydrogen in Australia today is in the middle of 
chemical processes. For example, in making fertilisers, petrochemicals or 
explosives, we usually start with natural gas which is referred to as the 
‘feedstock’. The hydrogen is not being used as a source of fuel or energy 
but rather as a chemical feedstock and we run a process which separates 
the carbon from the hydrogen.

The carbon we get rid of, which is where the greenhouse gas emis-
sions come from; the hydrogen we retain and marry it up with other 
things to produce, in particular, fertilisers in the case of urea in Queens-
land or elsewhere in Australia, or explosives in the form of ammonium 
nitrate. They are very important inputs to those industries. The hydro-
gen never leaves the chemical plant and is always held internally as an 
intermediate product between the input of natural gas and the output 
of fertilisers, petrochemicals or explosives. That’s where hydrogen cur-
rently sits.

The interesting thing about hydrogen is that in respect of both those 
feedstock processes and hydrogen itself, instead of producing hydrogen 
from natural gas, we could produce it from something else, most excit-
ingly, from water. We need to use renewable electricity to split the water 
molecule into its two constituent parts, namely, hydrogen and oxygen. 
We can then keep the hydrogen for use in the production of fertilisers 
and explosives. Alternatively, it can be used as an ‘energy carrier’ which 
is an exciting future role of hydrogen.

ML: If taking the water resource route to green hydrogen rather than the fos-
sil fuel natural gas route, what happens to the oxygen that is split out? Is 
oxygen a valuable commodity in itself; didn’t we find sadly and tragically 
during COVID-19, that there was a desperate lack of supply?

TW: Oxygen, being itself a major constituent of our atmosphere, will be 
mostly vented to the atmosphere. The process is somewhat circular. If 
we start with renewable electricity from the sun to split water to make 
hydrogen, then, if we burn that hydrogen, for example in a power sta-
tion, the product of that combustion is water.

ML: So basically, the process of electrolysis used to split water into hydrogen 
and oxygen using electrolysis is a form of artificial photosynthesis.11 We 
start with water, we finish with water and the oxygen ends up being 
combined with hydrogen again. That’s a pretty benign by-product and 
process, isn’t it?

TW: Absolutely, and so isn’t that a great outcome, right? So that’s the big plus 
side of green hydrogen from water. It is somewhat intriguing that peo-
ple talk about green hydrogen; hydrogen gas itself is not green. It is a 
colourless gas, but what is meant is that it is ‘green’ when it is produced 
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from renewable energy and that is possible when using natural gas to 
start with. If you do that, you can do one of two things with the carbon 
dioxide emission today. What we do is basically vent that CO2 directly to 
the atmosphere and broadly speaking that’s called ‘grey hydrogen’.12

If you capture that carbon dioxide, so it doesn’t enter the atmosphere, 
you need basically to bury it underground or under the sea using a 
process called ‘carbon capture and sequestration’ (CCS).13 That’s called 
‘blue’ hydrogen, with very low emissions, possibly close to zero as with 
renewable ‘green’ hydrogen, but coming from a fossil fuel and requiring 
the extra process of capturing the CO2 which you don’t require if you’re 
producing it from water.

The problem with the water process at the moment is that it’s still 
relatively expensive.14 The focus of the technology investment roadmap 
is to drive down the cost of producing hydrogen from electrolysis of 
water so that eventually it becomes far more competitive with alterna-
tive sources of hydrogen. The government has set what they call ‘stretch 
targets’ for this cost reduction, as have many organisations around the 
world.

ML: You have mentioned ammonia, which we import for fertilisers and 
explosives production. Is there potential and do we have commercialised 
technology at scale to produce ‘green ammonia’ using our hydrogen?15

TW: While not globally significant, Australia is an important producer of our 
own fertiliser and a lot of that is produced from our own natural gas. We 
do make hydrogen in plants such as Orica’s explosive plant in Newcas-
tle,16 or Incitec Pivot’s fertiliser plant in Brisbane.17

We know how to do that but the trick is when we’re going to replace 
that process using Australian natural gas with Australian renewable 
energy. That’s where not just Australia, but the world, has relatively lit-
tle experience. For example, the government has said, we’d like to see 
hydrogen at $2.00 a kilogram. I won’t even try to describe exactly how 
much a kilogram of gas would be because hydrogen is the lightest ele-
ment in the world. Handling and transporting, it is also a fairly tricky 
process because of the very small molecules.

Cost is important because at the moment to produce hydrogen 
from renewable energy with the very low-cost renewable energy, 
which we have seen happen dramatically in Australia and around the 
world in the last ten or 15 years, would still be costly at around $5–6 a 
kilogram. By way of comparison, it is the equivalent of about $15–16 
a gigajoule of gas. That’s probably about two to three times what 
we’ve been paying for natural gas in this country for the last 20 or 
30 years. So it’s not a very cheap source of energy, but as a feedstock 
it might be interesting.

Splitting water requires a lot of renewable energy and to do this at 
scale requires very large wind and solar farms. Also, for the electrolysis 
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process, you need large amounts of water. This is effectively performing 
as a reversible battery that takes water and electricity and converts them 
into hydrogen and oxygen. The process is well understood but a lot of 
work is being done in China, Germany and elsewhere to find ways of 
driving down the cost of the electrolysis process. The government is also 
funding the Australian Renewable Energy Agency (ARENA) to under-
take such projects here so that green hydrogen can be used economically 
to produce green steel or green ammonia.18 That technology focus is 
very important.19

ML: Australia is the world’s largest exporter of iron ore and it’s important to 
our economy, but basically we ship it out as an unprocessed commodity. 
What would be involved in our using cheaply produced green hydrogen 
to process the ore and export high-value-added green steel?20

TW: At the risk of turning this into a chemistry course, let me just take you 
through that process at a very high level. Iron ore is basically iron oxide 
and it looks like rust when you dig it out of the ground, which it is basi-
cally, being a combination of iron and oxygen.

The iron ore is mined in places like the Pilbara in Western Australia 
and shipped out to export markets from there. To turn iron ore into 
iron requires processing it in a blast furnace using metallurgical coal. 
Metallurgical coal also comes from Australia, mostly from the east coast 
of Queensland.

So we are sending iron ore from the west coast and metallurgical coal 
from Queensland to Asia where they process them into steel, a much 
higher valued product. The metallurgical coal in the blast furnace strips 
out the oxygen from the iron oxide, leaving the iron behind and form-
ing carbon dioxide as a by-product. We’ve been doing this for decades 
and making money out of it while contributing indirectly to global cli-
mate change. Steel manufacturing around the world contributes about 
7% of emissions, so this is a big climate change challenge.21

ML: So green hydrogen offers an alternative technology path for reducing the 
iron oxide into iron and steel, and thereby reducing carbon emissions?

TW: Yeah, what happens is that you have a different technology, but basically 
you use the hydrogen to strip off the oxygen from the iron, leaving the 
iron behind again. But in addition, when you combine the hydrogen 
with oxygen, you produce water which means a very attractive alterna-
tive because you’ve now got effectively zero emission iron.

To turn that iron into steel requires a small amount of carbon, because 
steel is basically a mixture of carbon and iron. But that’s the end part of 
the process. The big deal is how you reduce the iron oxide to iron, and 
that’s where this is a really exciting possibility particularly if we could 
do it in Australia using Australian renewable energy and renewable 
hydrogen. Not only would we be able to replace our carbon-intensive 
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commodity exports which eventually the world will not want anyway, 
but we’d also be able to replace jobs which are currently pretty signifi-
cant with more than 50,000 jobs in the carbon-intensive manufacturing 
sectors. We could replace those jobs with new export opportunities and 
add new economic value for Australia which would be a great outcome.

There’s a lot of work to be done to achieve this transformation, but 
the work is proceeding. For example, Twiggy Forrest, head of Fortescue 
Metals, was recently talking excitedly about the possibilities of doing 
this in Australia.22 It would be a big change for the Australian economy. 
But as we’ve said, it would also require development of significant, dedi-
cated solar electric energy capacities in those locations; perhaps in the 
form of individual, dedicated but distributed grids rather than drawing 
on the national distribution system.

ML: We’ve been discussing the opportunity that a transition to a 
hydrogen-based economy might afford Australia not only to move to 
a low-carbon economy but to generate new wealth and opportunities 
in sectors such as ammonia, fertilisers, iron and steel. We could have a 
similar discussion perhaps about aluminium,23 but what’s happening in 
the world of transport and hydrogen?24

TW: Transport contributes significantly to greenhouse gas emissions but the 
technologies to get us towards zero emissions are still relatively new.25 
Electric vehicles are becoming more available in Australia.26 Their driv-
ing range on a full battery is improving all the time, and it won’t be long 
before their purchase cost is cheaper than that of an internal combustion 
engine for personal vehicles. EV batteries need regular charging at a 
charging station but the infrastructure is limited and it takes longer than 
filling your car with petrol.

An interesting alternative way of fuelling a car instead of with petrol 
or diesel is to use hydrogen. You could burn hydrogen in the engine, 
but the more interesting technology now being developed is hydro-
gen fuel cells,27 which are basically the reverse of a battery. You put the 
hydrogen through a fuel cell and produce electricity, which then is used 
to drive your vehicle.

This has two significant advantages. One is that fuel cells weigh much 
less than EV batteries but are currently significantly more expensive than 
the batteries used in the Tesla and Nissan Leaf EVs. The weight penalty 
you pay is much less so for long-distance heavy transport, tow trucks and 
even trains. Hydrogen fuel cells may be a much more interesting alterna-
tive than battery EV technology.28

The second advantage of hydrogen fuel cells is that you’d have a tank 
on board the vehicle and fill it with hydrogen in the same way that 
people fill their car with LPG today. It is the same with hydrogen but 
then you have a fuel cell on board rather than a gas tank. At this stage, 
it is expected that we’re likely to use batteries for personal and small 
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commercial vehicles, and hydrogen and fuel cells for large transport. On 
the other hand, Hyundai and others are looking to make fuel cell per-
sonal cars, so we’ll see how that technology battle plays out.29

ML: I believe there are some currently on trial by the ACT Government.30 
The other good thing from a climate change and pollution point of 
view, if you go down the hydrogen fuel cell track for cars, is that the 
exhaust is steam and water, right?

TW: Absolutely. Hydrogen fuel has benefits beyond climate change, because 
a lot of the products of combustion in the vehicle are not particularly 
great from a general health perspective. If we will have our vehicles driv-
ing around without producing any emissions, either as battery cars or as 
hydrogen cars, that would have an enormous beneficial impact on health 
quality in our cities and suburbs.

The other thing about hydrogen is that it is potentially a way of fuel-
ling ships in the marine sector which currently run on a very dirty and 
polluting form of diesel fuel called bunker oil. There’s a whole range of 
potential applications emerging in the maritime sector.31

ML: Apparently the Japanese are now building ships to transport hydrogen, 
aren’t they?32

TW: There’s a very interesting project related to this underway in the LaTrobe 
Valley in Victoria that is making hydrogen from coal, which still ends up 
with carbon dioxide, as part of the large-scale Hydrogen Energy Supply 
Chain (HESC) project.33

A number of major Japanese companies, together with the Victo-
rian government, are developing the project to produce hydrogen from 
brown coal for export in a dedicated hydrogen ship to Japan.34 One of 
the reasons the Japanese were very interested in this is because they had 
intended to make the Tokyo Olympics, which as we know was supposed 
to have been held last year, a Hydrogen Olympics.35 They wanted all the 
vehicles driving around in the Games to be hydrogen powered.

Although the Olympics didn’t go ahead as originally planned due 
to COVID-19 they did subsequently take place. Second, the shipping 
project was a lot longer in being developed but the first shipment did 
eventually happen.36

In any event, it’s questionable whether that’s the best long-term way 
of producing hydrogen, but it’s certainly a way of testing the entire 
supply chain.37 In the long term, you still have to deal with the carbon 
dioxide that’s produced when you manufacture hydrogen from coal. 
Interestingly, this particular ‘gasification’ process of producing hydro-
gen using brown coal is often referred to as ‘brown hydrogen’.38 So 
we’ve got all these different colour labels for hydrogen production.39

ML: How well are we positioned with our policies, technology roadmap, 
funding and incentives to navigate the pathways and scale up these 
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hydrogen technology pathways? In what time frame is it realistic to 
develop these opportunities, and capitalise on the substantial interna-
tional trade opportunities for higher value added?

TW: Australia is extraordinarily well positioned to take advantage of this 
opportunity. We have, unusually but not uniquely in the world, a very 
large renewable energy resource of wind and solar. Often we have situ-
ations where the wind and solar isn’t being generated at the same time, 
which is not a bad thing because sometimes the sun is shining when the 
wind isn’t blowing, and vice versa.

We also have a relatively small population so we don’t have that many 
domestic applications and demand for using green hydrogen. Using 
green hydrogen for exports is a very big opportunity and where the 
challenges emerge. For example, there is the project being proposed by 
Mike Cannon-Brookes and others in Northern Australia to either export 
renewable energy to Asia along undersea cables,40 or possibly as hydro-
gen from the North West shelf.41

These are exciting possibilities, but the challenge is to drive down the 
cost of the technology. It is going to be at least a decade or more before 
we start seeing these things becoming practical. Even today, the com-
pany Energy Australia announced that they will build a dual fuel, hydro-
gen and natural gas, power station in the Illawarra by 2023–2024,42 
which is when the Liddell coal-fired power station is due to close.

So it may not be that far away when those sorts of things start to be 
realised. Fuel cell cars are already being built and commercially avail-
able in the US. Ultimately, there’s a lot to be done to drive down the 
cost because some of the hydrogen technologies are very expensive and 
I think we’re very well positioned. The challenge, of course, is for gov-
ernments – federal, state, federal and local – to work closely together and 
with industry if we are to capitalise on what could be an extraordinarily 
positive thing for Australia. As Ross Garnaut said, to make Australia 
once again into a serious global energy superpower.43

ML: They certainly do sound like very exciting opportunities for Australia 
to transform our industry and our economy developing and exploiting 
renewable hydrogen while at the same time meeting the climate change 
challenges by ‘shipping sunshine’44 to the world. I guess, this is a matter 
of commitment, focus and support.

Conclusion

Hydrogen as the most common element on earth and a fuel that on combus-
tion, unlike carbon-based fossil fuels carries zero-carbon emission energy, offers 
a seductive promise in an age needing to transition to a sustainable, net-zero 
energy future. That promise embraces its use both as a renewable source of 
energy replacing fossil fuels in most sectors of the economy including the 
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manufacture of steel or aluminium, and as a replacement carbon-free feedstock 
for a range of important industrial processes and products such as ammonia, 
fertiliser and explosives.

The neologism ‘hydrogen economy’ has in Australia contributed to grand 
visions of our becoming a low-carbon superpower that can ‘ship sunshine’ 
to the world. There are many potential technological pathways and choices 
and ‘all clean hydrogen is not equally clean’.45 There is a rainbow spectrum 
of ‘clean’ hydrogen varying from green through to black, with stops at blue, 
brown and pink along the way each reflecting a different degree of net carbon 
content according to the production process and supply chain involved.

These variations arise according to whether the source of hydrogen is from 
water where it associates with oxygen, or from various hydrocarbons where 
it associates in many and complex variations with carbon. Using renew-
able energy sources such as solar and wind, keep the hydrogen supply chain 
carbon-free, while using fossil fuels such as coal or natural gas do not. Green 
hydrogen, which is totally carbon free, comes from splitting water using 
renewable energy in a process called electrolysis. At the other extreme, black 
or brown hydrogen splits either water or a hydrocarbon by the application 
of energy from a fossil fuel. From a sustainability perspective, emissions-free 
sources of hydrogen are unlikely to be practical and affordable for decades.46 
The options for development and diffusion are highly path-dependent and 
require finance as well as a variety of government policy targets, funding, 
incentives and regulations. 
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Introduction

Agriculture is an important sector in the Australian economy.1 It has become 
significantly transformed over the last 40 or 50 years and indeed in the 200 or 
more years since Australia was colonised.2

In 1965, its percentage contribution to GDP was 12%; but GDP value 
these days is down around 2.4%,3 which is a big change in its role and sig-
nificance to the economy. People employed directly in agriculture in the 
mid-1960s were around nearly half a million. These days it’s around 300,000.4

This sector also makes a large economic contribution to export income. 
Some 75% of agricultural production is exported and that accounts for a large 
proportion of Australia’s total exports. However, with structural change in 
the Australian economy, that’s fallen from levels of over 20% to down around 
half that these days. There are about 140,000 farmers and graziers, and they 
occupy about 60% of the land area of the country and use a significant propor-
tion of about 25%, including with irrigation, of the nation’s water resources in 
what is the world’s driest continent.5

Productivity performance, that is, use of technology and innovation to do 
things more efficiently, has been at the heart of the success of the sector, which 
is arguably the most trade-exposed and internationally competitive sector in 
Australia.6, 7 The reduction over the decades in its level of protection and sub-
sidy assistance has provided the incentive and forced restructuring to become 
more productive and competitive.8

What’s the future for the agricultural sector and what role is technology 
and innovation going to play as we go forward, particularly from a productiv-
ity point of view? What role will digital technology play and what of the role 
of funding of R&D; and by extension, the levels of investment and further 
restructuring?

There are big challenges facing the sector, not least, for example, in water 
use in times of drought, floods, storms and climate change; what might be 
their impact on the sustainability of use of land and water resources by the 
sector?9
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There have been many reports about agriculture and its future, and par-
ticularly its technology,10, 11 with two further major reports forthcoming.12, 13

Keywords: agribusiness; agriculture; AgTech; carbon markets; ecosystem 
services (ESS); ecosystem services payments; environmental water flows; incu-
bators; innovation; Internet of Things (IOT); knowledge-based economy; 
natural accounting systems; productivity; Rural Research and Development 
Corporations (RRDCs); SDG9; SDG 11; SDG 12; SDG 15

Interviewee Profile

Richard Heath (RH) is Executive Director of the Australian Farm Institute 
(AFI), an independent institute that conducts research on policy issues affect-
ing Australian agriculture.14 Richard has considerable background in research 
and development in the agricultural sector and in the university sector. His 
background is in farming, and for most of his life he has been a farmer up near 
Gunnedah in northern NSW. Since his farm was sold a few years ago, he has 
worked in the R&D space and is now with the Australian Farm Institute.

The Interview

ML: What are, broadly, the technology challenges and opportunities for pro-
ductivity improvements in Australian agriculture and its competitive-
ness; and what are the main drivers?15, 16, 17

RH: Australian Prime Minister Morrison commissioned a report to examine 
the potential boost to the economy if all existing digital technologies 
were suddenly adopted in Australian agriculture, and if the barriers that 
exist today suddenly disappeared.18 The review came up with a figure of 
about $20 billion. Given that the current output of agriculture is about 
$60 billion that is a significant gain and provides a ‘boundary’ of sorts 
for the opportunity with new digital technologies.

ML: What kind of digital technology applications are we talking about?

RH: There are so many examples and I’d start by saying that as you out-
lined in your introduction, Australian agriculture has been particularly 
good at taking up technology when there’s a proven benefit. The story 
of productivity growth in Australian agriculture has very much been 
a story of technology uptake to help with things like labour efficiency 
and that incremental growth from technology update will continue as 
automation becomes more widespread through agriculture, such as say, 
technologies to selectively spray weeds rather than spraying entire pad-
docks and so on, then that’s going to continue the story of incremental 
productivity growth through available technologies.

What’s particularly interesting now though, and what is potentially 
going to offer step changes in productivity rather than continuing 
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incremental growth is where data come into the picture, and where 
insights from the use of data and data analysis deliver entirely new pro-
duction methods or ways of producing crops and animals that lead to 
big increases in productivity.

ML: As in so many areas of digital transformation in the economy, the under-
lying opportunities in the processing of big data involve sophisticated 
skills as well as an efficient telecommunications infrastructure. How well 
placed and capable is our farming sector in the take-up of digital tech-
nology? For example, I’ve heard it suggested that we have a ‘digital 
divide’ in the country in terms of limited access to infrastructure for 
communications and accessibility of big data systems; and what’s the 
attitude of farmers and graziers to these new digital technologies and 
the skills they need?

RH: There is certainly a ‘digital divide’, and it is a big issue in terms of realis-
ing digital technology opportunities. Connectivity in rural areas is get-
ting better, and there is a range of commercial providers offering new 
solutions for productivity going beyond existing telco offerings.

The demand is strong because farmers are realising the opportunity 
that can be gained through Internet of Things (IOT) connectivity and 
by compiling data for new insights. They’re looking for solutions and 
so there’s innovative technology developing around local area networks 
and even small packets of data; it’s not suitable for broadband being 
small packets of data communicating directly with satellites and edge 
computing. This technology is starting to help with the data situation 
in Australia.

The question about attitudes towards data is much more interesting 
and one that does have cultural barriers around it at currently. This is a 
global issue and not just to do with Australian agriculture.

On the question of hesitancy, it takes infrastructure, skills and exper-
tise to do this sort of data analysis. It’s not something that individuals 
can take on themselves; even if they could, the data power will be real-
ised in combination from lots of farms and even among regions. It’s that 
power of looking at data over big areas in terms of patterns of produc-
tion that will deliver the insights. That’s going to require individuals 
being comfortable with contributing or sharing their data with others, 
and that ‘best practice’ standards and procedures will be adopted to 
ensure confidence that the data are not going to be sold; and that you 
are going to obtain ‘fair value’ from the data that you contributed to the 
data pool. A lot of thought and development is on hand with a view to 
providing that data-sharing security to farmers.

ML: Traditionally in Australia, the public sector has largely both funded and 
performed agricultural research and development; including through 
CSIRO, through a unique and successful model of statutory rural 
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research and development corporations (RRDCs) which are collabora-
tive with the industry and government and funding research.19 Also, his-
torically, through primarily states-based, agricultural extension services, 
the fruits of the publicly funded research have been made available to 
farmers generally, rather than having them locked away under patent 
systems.20

This government-funded approach is premised on significant ‘posi-
tive externalities’ so that all farmers can benefit and on limited ‘product 
differentiation’ and direct competition between farmers. Do we need to 
change our way of thinking about the funding of research, development 
and extension in the digital era?

RH: It’s going to continue to be important, but it’s not going to be the 
sole way that digital technologies are introduced, or their benefits 
realised. The public sector is still going to be critically important in 
delivering datasets and probably for good research for which there 
will be limited business models for the private sector to deliver. 
Things like much better weather and soil datasets across Australia; 
those fundamental ‘public good’ datasets that are critical for inclu-
sion as part of the overall data pool to deliver insights are going to 
remain in the public domain.

The reality is though that the analysis of that data is increasingly hap-
pening in the private sector, in the start-up world, and in venture-funded 
operations because of the speed with which these organisations can 
move and because of the skill sets that increasingly reside there. It’s 
going to have to be more of a partnership than it has been between the 
private and public sectors.

To be honest, this is where we are falling behind a little bit in Aus-
tralia compared to some other countries, particularly the Netherlands, 
Israel and to a large extent the US. They have ‘innovation ecosystems’ 
involving public and private sectors that work well together to deliver 
outcomes; their structures for doing that are much more advanced than 
we have here in Australia.

ML: That does sound potentially challenging and is consistent with the 
broader story about digital innovation throughout the economy and 
in particular, the role of start-ups. Australia appears to be falling behind 
internationally on that score though there does seem to be significant 
potential for us to build that sort of business, across the agricultural 
‘value chain’, which is referred to as ‘AgTech’.21

But as you say, we seem to be attracting relatively small levels of 
investment relatively; this has always been a problem, hasn’t it, getting 
early stages of venture capital funding into later stages that can take 
companies into substantial growth? Government does its thing and 
funds ‘accelerators’, ’incubators’ and such like support for start-ups, but 
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it seems hard to get past those early stages.22 This is going to be impor-
tant, isn’t it, in the agricultural sector?

RH: It’s going to be very important, and I  think that a mentality change 
can really help with that. In your introduction, you talked about the 
importance of agriculture as an export sector. We need to think about 
the ‘knowledge economy’ more generally, as an export sector.23, 24

We’re never going to be a big market for the application of technol-
ogy, because of our small population and the limited number of farm 
businesses; we’re small compared to where a lot of the leading technol-
ogy is developing. But there is nothing preventing Australian AgTech 
businesses and their intellectual property (IP), and our knowledge econ-
omy sector more generally, competing in those global markets. We just 
need to understand and embrace that opportunity.

If the government focused on AgTech as a component of the knowl-
edge economy, as important an export sector as say, beef, then the 
likelihood would be higher of realising the public–private partnerships 
required to move into global markets.

ML: The point you make about needing to think of agricultural technology in 
a broader ‘knowledge economy’ context, raises another interesting issue. 
The agriculture sector is not only large but also diverse, and in many 
senses quite fragmented between the very different arms; from farming 
and grazing, from dryland through irrigation, from intensive feedlots to 
broadacre operations, from market gardens through horticulture, from 
small family farms through large-scale agri-businesses, and from forestry 
through agri-forestry, and food production to processing. Is there a need 
in the context of digital innovation, for the sector itself to rethink how 
it thinks of itself, its business models and its value added and its sustain-
ability; as it moves forward with these new technology challenges?

RH: In your introduction, you mentioned 300,000 people employed in agri-
culture. That’s directly in agriculture; in the food supply chain more 
generally, and the inputs into agriculture, it’s well over 1,000,000 Aus-
tralians that are employed. It’s a very diverse sector.25, 26 That is some-
thing that we’ve always talked about at the Farm Institute, and that the 
sector itself, more generally, has tried to get across.

There is a perception of the sector, rooted in a ‘nostalgic’ under-
standing of what agriculture used to be but that is nothing like real-
ity these days. It is an incredibly diverse sector with many and various 
opportunities. Increasingly, people are coming into agriculture from 
outside, from other industries looking at the opportunities. Yes, we do 
need to get better at capturing and embracing that interest, and particu-
larly the technology coming in from other sectors, and working out how 
it can be incorporated into agriculture in Australia.
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ML: As you observe, Richard, there is a tendency, culturally and politically 
in Australia, to look with a certain nostalgic understanding, maybe even 
sometimes with a ‘romanticised’ view of agriculture as yeoman farmers 
on family farms.27 Of course, there are still many of those, albeit far fewer 
now than in the past due to structural changes in the sector. But as you 
pointed out, the industry is now very big and diverse in composition 
and activities, and at the same time becoming more integrated, particu-
larly as it moves forward.

Perhaps, the government too needs to rethink the way that agricul-
ture fits into the economy, and how it supports its further development 
and competitiveness, particularly for the well-being of regional and rural 
communities. A  couple of the big challenges for the sector are water 
management and climate change.

What perspective do you have as AFI on these issues? The politics 
is just dreadful, what with the burning of water plans, water buybacks, 
water theft and Royal Commissions of Inquiry in the Murray–Darling 
Basin,28, 29 it all seems a bit of a mess and yet so important to the future 
of agriculture.

RH: Water policy and issues are undoubtedly and will continue to be one of 
the biggest issues that we have in agriculture in Australia. Water is the 
biggest limit to production, obviously, in the driest continent. Technol-
ogy has a massive role to play in delivering better outcomes in water 
policy.

It astounds us at the AFI constantly that the policy debates go on in 
the absence of actual data. It’s one of the things that continually frus-
trates us across the board, not just in water policy, that so many aspects 
of agriculture have such terrible data available to make good decisions. 
Accurately knowing how water is being used, where it’s going, to bet-
ter inform and understand what we have available and how it should be 
used, you would think would be an absolute.

The fundamental thing that we should have is a properly informed 
policy discussion, but we don’t have the granular data that we need 
and that technology can increasingly provide; better monitoring and 
real-time information in an ongoing way should help us make better 
decisions on water management.

ML: Data limitations could indeed be addressed with new technology but 
there are also issues of political economy in all this. Literally, billions 
of dollars have been spent chasing so-called irrigation water efficien-
cies and ‘water buybacks’ on behalf of the environment and paid for by 
taxpayers; but in part because we perhaps don’t have good data, it’s not 
immediately clear what has been achieved, is it?30, 31

RH: You referred to ‘so-called’ irrigation efficiencies but they are real irriga-
tion efficiencies. There is no question that amazing technology is being 
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used to apply water where and when it’s needed. Plants get exactly 
what they need and no more, no less; and that has delivered water sav-
ing outcomes across the board. The problem is it’s very difficult to get 
good data around that because of the lack, as I said before, of a cen-
tralised or standardised way of reporting it and of measuring it in the 
first place.32 These good and important gains that are being made are 
being discounted, and instead what happens is that the bad example gets 
reported and there’s no ability to counter that with data about the good 
outcomes.

ML: No doubt technologies have delivered improved efficiency of water used 
in production but given that the savings are paid for using public money 
with a view to returning water to the environment, the question is where 
those savings are going. As you say, if we haven’t got good data and 
monitoring systems, we don’t know the environmental benefit in terms 
of tackling climate change, for example. How do you see that broader 
challenge, to farmers and farming business models, as we confront the 
increasing uncertainties and risks of running farming enterprises in an 
age of climate change variability and intensification?

RH: Where new technology and data analysis have another important real role 
to play is that complex farming systems are invariably better at building 
climate resilience and yet they are difficult to research and to understand 
historically with traditional science. There is quite a change now in our 
ability through very sophisticated machine learning to understand com-
plex farming systems in terms of the benefits that they deliver and the 
increased resilience that they can build into farming systems. That’s one 
of the strongest areas where the value, the ‘public good’, can be deliv-
ered out of data analysis and understanding farming systems.

ML: Yes, it is about building resilience and adaptability in the face of cli-
mate change but isn’t it also a matter of farming business models, and 
particularly in the management of risk in these uncertain times?33 Are 
risk management systems in Australia in farming as well developed as in 
other countries in terms of, say, for example, the discussions and issues 
we’re having around drought responses?34

RH: There are far fewer commercial risk mitigation products like income 
insurance, available for farming businesses in Australia than in other 
countries.35 However, in every other country where there are mature 
markets for those products, they’ve been subsidised by the government 
to get them up and running. There is no market where they emerged 
without some government assistance, while historically our government 
has been unwilling to provide subsidies.

Australian agriculture has been proud of the fact that we have com-
peted on the global stage without high levels of government assistance 
compared to our export competitors. How long we can keep doing that 
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particularly in relation to building more resilient farming systems where 
we’re basically talking about protecting ‘natural capital’ at the expense 
of productivity, in some cases? Where does the revenue stream come 
from for that?

AFI is looking at the rest of the world where payments for ‘ecosys-
tem services’ (ESS) which build and protect natural capital as a ‘public 
good’ are being delivered to farmers.36 There’s a recognition that this 
‘public good’ should be paid for and thereby provide alternative revenue 
streams to farms, including during drought, while protecting’ natural 
capital’ on behalf of the public.

It would be great if we could develop such ESS schemes in Aus-
tralia and tie new technology into that. Technology will be important in 
developing these market mechanisms. Being able to monitor, measure 
and know that the outputs are being delivered is increasingly being ena-
bled by technology, including satellite imagery and monitoring.

ML: While the ESS payments approach is more widely used overseas,37 a 
sceptic might suggest that by using the ‘green box’ mechanism this is 
one way in which countries can avoid breaching their commitments to 
minimising agricultural subsidies under various trade agreements.38, 39 
For whatever reasons, Australia has not to date chosen to tread that 
path.40 Nevertheless, technology and research are important to mov-
ing in directions like carbon farming and sequestration through chang-
ing land management practices. As you say, you’ve got to be able to 
know what you’re getting for your money and how you’re managing it, 
don’t you?

RH: Yes, that’s where research and technology come in because to have a 
market you’ve got to be able to define and quantify what you’re selling. 
Carbon markets are promoted as an opportunity for agriculture,41 but 
currently we don’t know how to make them work across the farming 
landscape, in terms of say, how much carbon there is in soils, how much 
potential there is, and how you’d go about monitoring that in an ongo-
ing way to enable carbon market operation.42, 43

Conclusion

The Australian agricultural sector is large, significant economically and socially, 
and is a world-class competitive exporter of the greater part of its produc-
tion.44 It occupies a vast land area and is the major user of water resources on 
the driest continent.

Technology and innovation have been a vital component in maintaining 
the sector’s international competitiveness through increased productivity and 
consequent substantial structural changes, as protection was reduced and 
as it became the most trade-exposed sector of the economy. The increas-
ing frequency and severity of droughts, bushfires, storms and floods, as a 
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manifestation of climate change have strained the resilience, adaptability and 
sustainability of the sector which has responded with new business models, 
agribusiness integration of value chains, and adoption of new digital tech-
nologies. Adoption of digital technology will require enhanced skills, changed 
behaviour and practices, including attitudes towards the sharing of farm data, 
and access to more venture capital to drive development of cutting-edge 
AgTech innovation.

Not only is agriculture moving away from thinking of agriculture in the tra-
ditional ways, but importantly it is moving into a knowledge-based economy, 
requiring a more integrated view of agriculture and hopefully taking its place 
in what some have labelled as a ‘biologically derived economy’ where the dif-
ferent aspects of farm practice, land and water management, and finance and 
risk management are highly integrated.

Emerging ‘market mechanisms’ relying on new technologies, for example, 
in ecosystem services payments, carbon and water markets have embarked on 
a complex and difficult path to more sustainable agriculture based on ‘natural 
accounting systems’ and methodologies that will need to establish trust in 
their integrity and positive environmental impact. Public policy is working in 
increasingly close and new modes of collaboration and partnership with the 
private sector, including farmers.
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Introduction

What is the future of food production as we enter the era that is being 
called Food 2.0?1 The development of animal-free milk is likely to deci-
mate the traditional dairy industry within a decade, and plant-based meat 
is set to up-end the beef market. On one set of projections, this new bio-
technology puts us on the cusp of the deepest, fastest, most consequential 
disruption in food and agricultural production since the first domestica-
tion of plants and animals 10,000 years ago.2 This biotech revolution or 
the ‘second domestication’ refers to microorganisms and technologies of 
‘precision fermentation’3 which seem to presage the 2020s as the decade 
of the ‘peak cow’.4
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The Interview

ML: Welcome Lesley. Could you give us an idea of how milk is being 
re-engineered with new biotechnology? What’s happening and how?

LH: The technology is a fermentation technology, which is quite an old tech-
nology because yeast is the ‘superstar’ microorganism that will be used 
for this; has been used for centuries, probably for thousands of years, to 
brew beer and to make bread. Essentially, what some biomedical tech-
nologists are doing now is genetically modifying yeast, so that they can 
produce animal protein and eventually, animal lipid as well. Once you 
can produce animal protein in a big stainless steel fermentation vat, it 
opens up all sorts of possibilities for creating ‘synthetic products’ with-
out the use of the animal at all.

ML: What’s involved in the process of a typical dairy cow, ‘the factory on 
legs’,6 which is quite a process and perhaps not as efficient as many of 
us might like to believe. What production levels do they achieve over a 
lifetime, what is the impact on the environment, on the usage of water 
and on the animals’ welfare?

LH: The dairy industry is a huge user of water7 and land.8 It produces enor-
mous quantities of greenhouse gas emissions,9 and many people are very 
concerned about the animal welfare aspects of it too.10 Cows produce 
milk for their calves. For a cow to produce milk for most of its life, it 
needs to be kept in a constant cycle of pregnancy. It wasn’t until I started 
my research on this topic that I fully realised just how exploitative the 
dairy industry is.11

When a calf is born, it generally only spends about a day with its 
mother before it’s taken away. Female calves are then bottle-fed and 
eventually themselves are put back into the dairy herd. Male calves, 
however, that can’t ever produce milk are excess to requirements and 
there’s only two fates possible for them. Some of them are fattened up 
for a few months for veal, and the rest are usually slaughtered within 
five days, so they’re known as ‘bobby calves’,12, 13 and their fate is an 
open, rather nasty ‘little secret’ in the dairy industry.

A cow gives birth to a calf when it’s about two years old and they are 
generally artificially inseminated. The calf is taken away and will produce 
milk for about ten months when the milk production tapers off. It’ll get 
a few weeks rest before giving birth again, and so on, in a constant cycle 
of being milked and being pregnant.

Cows in Australia are milked twice a day, and can live for about 
20 years, but most of them go to the abattoir after about six or seven years 
because by that stage their milk production has tapered off to the point 
that they’re no longer economical to feed. Dairy cows have quite short, 
rather exploited lives, and end up usually as pet food or mincemeat, 
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because their meat is considered of lesser quality than that of cows bred 
for beef production.

Over that lifetime, for each of the about 30,000 litres of milk that a 
cow will produce, it will use some 500 litres of water as a minimum. Over 
the ‘productive’ lifetime of six or seven years, the cow will belch forth 
about 800 kilograms of methane, which is a very potent greenhouse gas.14

All in all, it is far from being a sustainable industry, and I think some 
would regard it as quite a cruel industry. In fact, milk straight from a 
cow is generally 87.7% water,15 and that means that producing milk from 
artificial technologies – synthetic milk – is far easier and more efficient 
than producing meat, which of course requires hundreds of millions of 
cells to be produced in a laboratory. Milk being mostly water, there are 
far fewer cells to create.

ML: Most of the world’s population is lactose intolerant.16 Plant-based dairy 
alternatives are growing rapidly in the market and the dairy industry is 
fighting back. However, what we’re talking about here is, I understand, 
something completely different. This technology of synthetic genes, 
fermentation tanks and biotechnology fermentation; apparently, opens 
up the prospect of programming microorganisms. What is involved and 
what does it hold for the future?

LH: If we take milk as the example and focus on the proteins, which is what 
most people have been focusing on so far, there are six different proteins 
in milk: four casein proteins and two whey proteins. These are quite 
simple compared to the average protein, so they’re relatively easy to 
replicate since we know the amino acid sequence that codes for those 
proteins because it’s published in readily available databases.

Clever geneticists have figured out how to programme yeast, effec-
tively using a ‘new’ gene that is inserted to produce those milk proteins. 
Those proteins can then be harvested from the fermentation tank and 
added to the water to produce something quite like milk. What they’re 
working on now is to also produce fats that are similar or indeed chemi-
cally identical to the fats in milk. They hope, once they’ve cracked the 
code, that by adding all of that together, you can produce milk, indeed, 
a sort of ‘designer milk’ that is virtually chemically identical to milk from 
a cow. It would then be possible to leave out the ‘bad’ bits such as the 
lactose, the bacteria, which would increase the shelf life of the milk, the 
hormones that we all take in when we drink milk, or the antibiotics used 
to promote animal growth. In this way, you can basically design milk 
that is essentially an animal protein and lipid product, but without all the 
undesirable elements that milk might contain.

ML: Isn’t that absolutely astounding! Designer milk and designer food out 
of all this new technology. The World Economic Forum report sees 
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these developments as a part of the wider ‘fourth industrial revolution’.17 
It strikes me that it’s almost as if designing food is like designing soft-
ware. It uses ‘open-source’, publicly accessible technology, but are we 
still pretty much at the ‘start-up’ stage with this synthetic gene milk?

LH: Yes, we are at the start-up stage, but it’s changing very rapidly.18 The 
first milk start-up began in 2014. It was created by two young biomedi-
cal engineers who had independently become vegan because of ethical 
and environmental concerns about the livestock industry, but they both 
really liked cheese and were disappointed with the vegan cheese offer-
ings. Frankly, having tried vegan cheese lately myself, I agree with them. 
It’s not a great product yet, so they figured that they could fiddle around 
and try first to make the synthetic milk protein by using yeast which 
they did.

They started a company, originally called Move Free, which later 
rebranded as Perfect Day. They started with $30,000 in a small lab. 
They won a couple of competitions and since then, they’ve attracted 
investment. The last I  read was that they’ve now got $200  million 
investment from some of the world’s largest food processing compa-
nies.19 They produced a ’teaser’ which was ice cream that they sold 
online and it sold out in a few hours. They’re now looking to not 
only produce actual milk that you’d be able to buy in a bottle in the 
supermarket but also sell into the lucrative ingredient market. Not all 
milk produced is drunk as milk or eaten as cheese or yoghurt; much 
of it goes into things like sports formulas, biscuits and other processed 
foods and manufactured goods.

ML: I understand that they’re already moving into various cheeses, mozza-
rella, and that a New Zealand company is into seafoods and leather, egg 
whites and mayonnaise.20 Sounds like a vast ingredient market opportu-
nity for the new technology?

LH: There are many companies now starting up in this space because of tre-
mendous worldwide interest in moving away from livestock agriculture 
for environmental, health and welfare issues. The Economist dubbed 
2019 ‘The Year of the Vegan’.21 There is exponential growth in interest 
in plant-based foods, at least in richer Western countries, and this sort of 
fermentation technology is tapping into that growing market.

ML: Perhaps we could segue from animal-free milk to the new world of 
animal-free products generally, and plant-based meat. This poses more 
of a challenge I understand than milk per se. What’s going on with ‘meat 
alternatives’?22

LH: There are two kinds of meat alternatives. Most people will have seen 
in their supermarket products from companies called Alternative Meat, 
Beyond Burger or Impossible Burger. Those are ‘meat substitutes’ made 
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of plants of one sort or another. That’s one kind, and it’s becoming 
successful.

A second type will be available in a few years called ‘cell-based’ meat 
where an animal cell is cloned and the product is somewhat analogous 
to synthetic milk. It is an animal product but made in a laboratory rather 
than by killing a cow, sheep or pig. That technology is still very expensive 
but it’s developing with big investment by some heavy-hitting investors.

In a few years, you might be seeing cell-based meats and burgers 
readily available competitively priced. Producing something that has the 
texture and taste of a steak is rather more challenging than producing 
something that’s minced up. So, I  think we’re still quite a way from 
a perfectly cultured laboratory-produced steak, but we are closer to 
laboratory-produced mincemeat.

ML: Are we indeed in the 2020s poised on the threshold of the decade of the 
‘peak cow’? You cite economic predictions about what’s happening with 
this. What challenge is this posing to the conventional industrial food 
production systems that we’ve grown up with and rely upon, particularly 
in Australia?

LH: The analogous situation is the challenge posed to fossil fuel production 
by renewable energy. I think this new food technology will have simi-
lar or possibly even greater disruptive capacity to traditional livestock 
agriculture.

My interest was spurred by a report from the American think tank 
RethinkX that analysed the US dairy and beef market in the light of this 
developing technology.23 They make some provocative and bold predic-
tions such as about the number of cows in the US. They project to fall 
by 50% by 2030 and 75% by 2035, with widespread bankruptcies of not 
only farming operations but the supply chains that are involved. They 
point out that on average a dairy cow is about 4% ‘efficient’, that is, only 
about 4% of the input into a dairy cow comes out the other end as a 
product that you can sell. On the other hand, with precision fermenta-
tion technology you don’t have to feed a cow so the process is far more 
‘efficient’ in use of inputs. Once they’ve cracked the formula, they will 
be able to produce these protein-based products far more cheaply with, 
of course, less emissions, less water, less land, etc., than we do today 
using rather ‘inefficient’ livestock.

ML: This disruption is also going to have a huge impact on existing jobs 
and implications for the new jobs that will be created and the skills 
required?

LH: Yes. Just as coal mining jobs will become vanishingly small over the 
next ten or 20  years and renewable energy jobs are building, it’s an 
analogous situation here. Existing jobs will be lost in farming and tra-
ditional agricultural supply chains. These will potentially be replaced by 
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new jobs, with probably different people with different skills. It’ll still 
be industrial-scale food production, but it’ll be using fermentation vats 
rather than animals.

ML: I think you’ve referred to ‘bioengineers’ and raise the question of whether 
existing workers in the food industry can be retrained to become ‘bio-
engineers’ or whether a new breed will need to be developed. You also 
suggest that these fermentation food production facilities will typically 
be located closer to urban area markets than have been traditional farm-
ing and production activities in rural and regional areas.

LH: The geographic implications of this new technology are enormous. If 
you can produce, say, milk in a vat, you can do that anywhere and so 
might as well do it close to your main market to save money on trans-
port. Also, once food production is separated from the geography of 
farming, it also becomes separated from the vagaries of climate, weather 
and seasonality. This ‘new wave’ industrial food production will be much 
more stable, but it will take place in different places, so that the tyranny 
of distance and weather will no longer apply.

ML: How is Australia positioned in reacting to these huge agricultural and 
food production challenges and opportunities? Dairy along with beef 
are a very significant agricultural industry sectors for us in terms of jobs, 
exports and associated services, and an Australian Dairy Plan is about to 
be released.24

LH: The challenge is enormous. Dairy is Australia’s third largest agricultural 
industry. It’s worth about $4 billion a year, and it employs more than 
100,000 people. It’s a big industry, so there’s a lot potentially at stake. 
The industry has been going through a very tough time over the last 
two or three decades. The number of farms has fallen. Milk production 
is actually at almost its lowest level in the last couple of decades. A lot of 
that is due to the profits in the dairy industry for farmers being small to 
non-existent because the costs of labour, water and feed are greater than 
the farm-gate prices at which they sell their bulk milk.

There is a move by the government to try to address this issue, and 
as you said, there’s been a group and it’s chaired by the former Victorian 
premier, John Brumby, who have put together a draft plan for the dairy 
industry.25 It’s a very upbeat document and makes a lot of recommenda-
tions about the internal workings of the industry. Most of the recom-
mendations are aimed at things like marketing, better contracts between 
processes and farmers, and those sorts of things. It does mention the 
problem of what they call ‘climate volatility’, though there seems to be 
a reluctance to use the phrase ‘climate change’. They do acknowledge 
that increased climate volatility is affecting profits, but they make no 
mention, for example, of any need for climate adaptation, which I found 
extraordinary; there’s a sort of single-sentence reference in the whole 
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report. The report is about 40 pages long, but there’s also only a single 
sentence that acknowledges that there may be some sort of technologi-
cal disruption in the future, so it’s a very internally facing document. 
It’s all about the price ‘wars’ between the processors and the farmers. 
It doesn’t acknowledge at all the growing external storm that’s coming 
down the pipeline in terms of disruptive technology or climate change, 
which I actually found quite extraordinary.

ML: It is indeed remarkable that as a country and as an agricultural indus-
try we do not seem to at least be squaring up to these disruptions and 
thinking them through. I recently on this programme interviewed the 
Australian Farm Institute (AFI) about the future impact of technology 
on agriculture and I do not believe that a single mention was made of 
these challenges. I heard a lot about digital technology and agriculture 
which is good stuff, but I don’t think I heard mention in that interview 
of the issues we are discussing here. By way of contrast, the New Zea-
land dairy people seem to be in the usual New Zealandish way, fronting 
up to the issues in a more proactive manner. I think they’ve got a much 
bigger industry, possibly three times the size of Australia’s?

LH: Yes, little New Zealand actually supplies nearly 40% of the world’s dairy 
commodities, which is really extraordinary when you think about it. 
It’s worth about $14 billion a year to the New Zealand economy, and 
it’s their most valuable export.26 Their chief scientists a couple of years 
ago made a speech where he warned about the implications of this new 
technology. Whether the average dairy farmer is paying much attention. 
I don’t know. Dairy farmers work very hard, and they’ve got a lot of 
problems, but at least the New Zealanders do seem to be acknowledging 
that it’s an issue. I think for the Australian dairy industry, while there 
may be some individuals that are aware of this, there doesn’t seem to be 
much public discussion, and that was one of the reasons why I wrote the 
article.

ML: It’s a global challenge as you pointed out, the FAO estimates of needing 
to feed a world population of up to 10 billion people,27 and I think you 
quote some estimates that say there’s 70 billion animals slaughtered a year 
for human consumption and rising global meat consumption trends.28 
As places get richer, they want to eat more meat, but none of these 
things as you point out meet sustainable development goals, let alone 
the Paris climate change agreement. I think you say that ‘livestock-based 
agriculture’ is not only an ecological disaster but a highly inefficient way 
to feed the world.

LH: That’s right, and all new technologies have pluses and minuses. The 
minuses of course in this case are the disruption to existing livelihoods 
and to those regional towns and economies that rely on traditional 
agriculture; there are these minuses for individuals, but the pluses are 
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enormous, I  think. I’m an ecologist, environmentalist and climate 
change researcher, and I think that the opportunity to feed the world 
using these new technologies in a nutritious way in an efficient way with 
far less animal welfare, land, water and emissions problems has got to be 
a good thing. Also by reducing the amount of arable land used for farm-
ing, we have the opportunity to revegetate, to reforest, to support habi-
tats for biodiversity and to sequester more carbon in the landscape. For 
me as an environmentalist, the pluses are enormous, but I  absolutely 
acknowledge the pain and dislocation that these changes will bring to 
many communities.

ML: Yes, ultimately technology change and transformation confronts and 
presents great political and social challenges, as well as opportunities. 
You end your article by quoting Michael Pollan’s ‘Eating is a political 
act’,29, 30, 31 and ask the question of whether politicians and consumers 
will buy into these news technologies and possible solutions. That is the 
big question we’re left with.

Conclusion

Emerging new synthetic food technologies of precision fermentation and cel-
lular agriculture are opening up transformational opportunities for more sus-
tainable agriculture on a global scale, taking us into the ‘second domestication’ 
of animals. Beyond existing plant-based alternatives to dairy and indeed meat 
products predictions are that the emerging range of dairy fermentation-based 
technologies for milk, cheese, ice cream, yoghurt, etc. will find us during the 
2020s in the decade of ‘peak cow’. New cell-based meats and products beyond 
plant-based products such as ‘impossible burgers’ are still in early stages of 
laboratory development and very expensive but with every prospect of rapid 
evolution and commercialisation in the coming decade. We are seeing the 
emergence of ‘Food 2.0’ delivering ‘Proteins without Animals’.

The potential environmental benefits of synthetic ‘designer’ food production 
as a replacement for existing factory livestock-based agriculture are on a monu-
mental scale given the huge areas of land and vast quantities of water currently 
required globally. Reclaiming these natural resources will not only reduce major 
sources of pollution and degradation but potentially open up new opportunities 
for revegetation, reforestation and improved plant and animal biodiversity. The 
methane emissions from livestock are a significant source of global carbon emis-
sions with global climate impacts at least an order of magnitude greater on a 
per unit basis than from carbon dioxide emissions; reducing methane emissions 
from agriculture is critical to meeting global climate and emissions reductions 
targets. There are also significant animal health and welfare benefits.

As with any significantly disruptive and even transformational technological 
change, there are negative transitional impacts to be managed socially and eco-
nomically. Existing old technology and practices jobs and skills are lost and made 
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redundant, and existing agricultural and pastoral communities, towns and regions 
are displaced. Appropriately managed, these are replaced over time with new skills 
and practices, in this case in bioengineering jobs and facilities most likely more 
closely located to major centres of population. Global population growth sce-
narios make sustainable global food security highly implausible; the new synthetic, 
cellular and fermentation food production technologies hold out an opportunity 
to deliver. ‘Eating is a political act’ and it will take political will, courage and 
practical measures alongside significant social and cultural adaptation to make the 
technology transition to sustainable global livestock agriculture and food security.
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Introduction

The Murray–Darling Basin (MDB) is home to Australia’s most precious and 
scarce resource: water. It provides water for over three million people and con-
tributes to a significant proportion of Australia’s agricultural production. From 
its early colonial days, the river has a sorry story to tell; it has been grossly 
mismanaged and depleted, and is in a very sad condition.1

This is, arguably, one of the biggest stories of public policy mismanage-
ment in Australia. Not least, to tell, that some $13 billion of taxpayer money 
is being spent on the Murray–Darling Basin Plan (MDBP), to revitalise and 
rehabilitate the healthy ecology of the river to a sustainable condition. This 
is a very ambitious and, not to say, visionary plan that appears in the face of 
evidence-based data, analysis and recommendations to have not delivered very 
much at all at the end of the day because of politics.2 While the river’s condi-
tion continues to deteriorate, not least in the face of increased climate change 
stress, its management continues to be politically fractious.3
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climate adaptation; climate change; double counting water savings; envi-
ronmental flows; federalism; fish kills; food production; infrastructure effi-
ciency; irrigation efficiency; lost water; migratory birds; Millennium Drought; 
Murray–Darling Basin (MDB); Murray–Darling Basin Authority (MDBA); 
Murray–Darling Basin Plan (MDBP); National Water Initiative (NWI); over-
allocation; Ramsar Treaties; peer review; return flows; river ecology; Royal 
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Interviewee Profile

Richard Beasley SC (RB) has written the book ‘Dead in the Water’4. Its sub-
title is ‘A very angry book about our greatest environmental catastrophe, the 
death of the Murray–Darling Basin’. Beasley is a barrister, educated at the 
universities of Adelaide and Sydney, and was made a silk in 2011. The book is 
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an advisedly ‘forensic’ analysis of the illegality and mismanagement of public 
money of one of our greatest natural resource assets. Richard was the senior 
legal counsel assisting the South Australian Royal Commission into the Mur-
ray–Darling Basin.5

The Interview

ML: Richard, what was the rationale for the groundbreaking National Water 
Initiative (NWI) and its associated reforms in 2004,6 and how did it 
establish a national blueprint for sustainable use of water – including to 
try to resolve the problems on the River Murray?

RB: The impetus for it was that we were in the middle of one of the worst 
droughts recorded since white people turned up in Australia in 1788. It 
was the ‘millennium drought’ which went on for about ten years.7

Unfortunately, that warming and drying trend experienced in the 
Murray–Darling Basin brought on by that millennium drought is likely 
to become the norm rather than a terrible aberration. In any event, 
things got so bad that there was very little water going into the Murray– 
Darling system, which is where as you implied in your introduction, 
60% of Australia’s farms are located, as well as at least 16 really precious 
internationally listed wetlands.

There are both economic and environmental factors at work. So lit-
tle water was available to the system that the riverbanks were exposed 
to that extent for the first time in about 10,000 years since the last Ice 
Age. In that epoch, the sea at Bondi Beach was 130 metres further out 
than it is now.

Once the riverbanks were exposed to air to this unprecedented 
extent, some of the contacting water turned into sulphuric acid causing 
a terrible environmental catastrophe.8 So, Prime Minister Howard in 
the last days of his government managed to get the National Water Act 
reform legislation through parliament.9 He had to use the Common-
wealth Government’s foreign affairs powers over international treaty 
obligations to override constitutional powers of the states because not 
all of them, particularly Victoria, would agree to give the Common-
wealth government their power over water.

The resulting Water Act is a complex piece of legislation and, argu-
ably, our most important environmental law. In relation to the Mur-
ray–Darling Basin, it provides that a Basin Plan be developed by a new 
federal government authority to be called the Murray–Darling Basin 
Authority (MDBA).

Whilst the Basin Plan is very complex, with many objectives and 
elements, at its core is this: we’re still going to use water for irriga-
tion in the Murray–Darling Basin, we’re still going to grow food and 
fibre, but we’re going to stop at the point where we’re destroying the 
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environment. What we’re recognising explicitly through the Water Act 
is that we’ve overallocated water to irrigated agriculture; it’s killing our 
environment and it’s only going to get worse with climate change. So 
we’ve got to take some of that water back and give it to the environment 
and the way we’ll do that is not leaving the decision with the Liberal 
Party or the National Party or the Labor Party or with the Greens, but 
we’ll do this only on the basis of what the law says is quote: ‘best avail-
able scientific knowledge’.

ML: The Water Act is a remarkable piece of Commonwealth legislation based 
not on its powers to control the environment directly because that 
power under the Constitution lies with the states. The legislation was 
accordingly framed on the basis that the federal government had signed 
up to a number of international environment treaties.10,11,12,13,14 That is 
the constitutional linchpin and validity of this legislation, is it?

RB: That’s right. Prime Minister Howard said to all the states involved in 
the basin: Queensland, NSW, Victoria, SA and the ACT, we can’t keep 
going the way we are. He even gave a speech basically accepting that 
climate change was happening, and that the science was sufficiently con-
vincing that there’s a drying and warming trend in the basin with overal-
located water to big irrigation.

We have to stop that, so he asked the states to give the Common-
wealth government power over the waters. All the states said yes, 
except Victoria.15 They held out so Howard had to go back to the 
drawing board and said, OK we’ve signed up to the Ramsar conven-
tion over wetlands,16 the biodiversity convention, the climate change 
agreement and several treaty obligations over migratory birds. I’ll 
draft a Water Act that does what I want it to do in terms of returning 
water to the environment and the way I’ll make it constitutional is by 
returning water to the system, and in this way Australia will be fulfill-
ing its international environmental treaty obligations. That’s how it 
was made legal.

ML: The mismanagement of the Murray–Darling Basin over decades has 
arguably been characterised by overallocation of water. Water licences 
have been given by state governments to users who own the land, or 
consumptive users as they’re called, which far exceed the flows available. 
Is the basic idea of the plan to somehow take back these overallocated 
water licences,17 which can then be reallocated to sustain the environ-
ment and thereby meet the treaty commitments?

RB: That’s right, but not in a compulsory way and so that Plan could main-
tain irrigation that has been developed in the basin for a hundred years 
but now on a sustainable basis. We’ve overallocated water licences to 
people to grow food and fibre in the basin without having any regard to 
the environment.
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We’ve literally pumped the Murray dry, as was the slogan, and we’ve 
certainly achieved that and often with the Darling River too. Instead, 
the Commonwealth has acquired water for the environment. It is not 
by compulsory acquisition of water licences but in significant part by 
purchase from licensees on a voluntary sale basis, paid for as part of the 
$13 billion budget you’ve mentioned.

Often, what farmers or irrigators have done is not to sell their entire 
water entitlement but sell some of their water rights back to the govern-
ment so that most of them stayed in farming. Some didn’t, some sold 
their entire entitlements but that’s how it worked. That was the main 
way through which the Commonwealth acquired water to sustain the 
river‘s environmental health.

ML: You mentioned that the legislation says that the way in which the river 
is to be managed is on the basis of ‘the best scientific evidence’. What is 
the sense and importance of that very explicit provision within the Act?

RB: The Act says that we have to reach, what’s called, an environmentally 
sustainable level of take; that is, we’ll allow as much water to be taken 
out of the river system for economic purposes provided we stop at the 
point where we start killing the environment or at least its key parts. In 
developing the basic plan under the Water Act, a whole raft of scientists 
were put to work, including hydrologists, aquatics people, all sorts of 
flora and fauna experts, and ultimately computer modellers.

They worked out how much water needed to be acquired by the 
Commonwealth government to return as environmental flows in the 
Murray–Darling system to get the flow rates at the right times of the year, 
every certain number of years in terms of small floods and larger flood-
ings, how much is needed on a yearly average to make sure that we pro-
tect and restore the 2,442 key environmental assets,18 including the 16 
Ramsar listed wetlands,19 that we’ve got in the Murray–Darling Basin. 
That was a decision and a judgement left entirely to scientists, not as a 
policy decision, but as the law. Unfortunately, it hasn’t been followed.

ML: This is central to your reasoning and argument in the book, namely, that 
the management decisions have been undertaken illegally; that is, not 
in accord with the core of the legal obligations, that the best available 
science be deployed by the Murray–Darling Basin Authority in drawing 
up the plan and identifying how much water has to be returned to the 
environment.

The exercise was undertaken diligently. A lot of scientists were con-
sulted, a big report called The Guide was written,20 and then it was burnt 
in the streets of country towns and occasioned much angst and anger 
in the Murray–Darling Basin among other places.21 What were the find-
ings in terms of the range of flows, and why were they exciting people 
so much?
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RB: What you just described as the reaction to what was called ‘The Guide’ to 
the basin plan was what the Murray–Darling Basin Authority (MDBA) 
put out before drafting the actual ‘Basin Plan’, which is formally required 
under the Commonwealth legislation. They said: Look, the scientists are 
telling us, having done about four years’ work, that to save our environ-
ment and to get the proper flow rates in this system we’re going to need 
to recover and return from consumptive users and irrigated agriculture, 
mining, etcetera to the system, to the environment, somewhere between 
about 4,000 and 7,000 gigalitres a year of water; that’s billions of litres 
of water a year on average.

To give some idea of scale, Sydney Harbour is often used as a measur-
ing stick and has a capacity of about 500 gigalitres of water. So some-
where between 8 and 14 Sydney Harbours a year have to be returned 
in terms of water to the environment to save it. The reaction to that, 
as you say, was that The Guide document was burnt in many country 
towns; and irrigation lobbyists certainly were pressuring the govern-
ment and bureaucrats to say this is ridiculous, that’s too much water for 
the environment.

ML: To be clear, this is to be done on a voluntary basis in the main part 
from users that have licences to be paid for and returned to the river.22 
Why did it occasion such an incredible and unprecedented reaction? You 
write of the ‘great legal error’ involved. What was that legal error in this 
process?

RB: The great legal error was a misinterpretation by the Murray–Dar-
ling Basin Authority (MDBA) as to whether the Water Act23 is an 
environment-first law; or whether the basin plan is to be drafted in a 
way that somehow miraculously balances environmental, economic and 
social outcomes and maximises them all at the one time.

I actually don’t think, at the end of the day, that this misinterpreta-
tion is that important. Even though they screwed up the legal analysis, 
as a matter of fact, the amount of water that ultimately was decided as 
required by the environment doesn’t get within a bull’s roar of being 
based on ‘best available science’. That is just as a matter of fact even if 
there hadn’t been this legal misconstruction.

ML: So they had these water return targets in a pretty big range of 
4,000–7,000 gigalitres. Presumably, at the bottom end, there might at 
least be some little chance of saving the river in a sustainable way; at the 
top end, a much better chance. Subsequent to the burning of The Guide 
books, there were changes in the political situation and agency leader-
ship with a new process undertaken. This ended up with a target in the 
2000s gigalitres range; what you call a ‘postcode fix’. What was this new 
process and politics, and the implications for the handling of the science 
advice?
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RB: Clearly, the instructions from the changed government were that the 
Water Act is not an ‘environment-first’ law. We’re going to interpret it as 
one under which economic and social outcomes get the same weight as 
the environment. The chairman of the Murray–Darling Basin Authority 
(MDBA) resigned.24

His press release effectively said: We’ve been working on the under-
standing and the legal advice for years that this is an environment – first 
law, so I’m out of here. And suddenly without any proper explanation 
given either in 2011 or to this day, the figure that the environment needed 
dropped somehow from the science-advised range of 4,000–7,000 bil-
lion litres a year on average, down to 2,750 billion (giga) litres.

In one paragraph in one report, the Basin Authority said: We’ve 
changed our modelling. No scientist that gave sworn evidence that the 
Royal Commission, or any scientist I’ve ever spoken to that’s in this field, 
has ever been able to explain how 2,750 billion litres of water returned 
to the environment will possibly – is possibly – can possibly be a lawful 
figure. They say it’s not a scientific figure; it’s a political fix. There was a 
running joke within the MDBA that the figure was not decided on sci-
ence but politics . . . and also on postcodes. That is, that the lobbyists 
and the irrigation people were only ever aware of a figure that started 
with 2 or 2,000: it was a NSW postcode (2,000), not Victoria (3,000), 
not Queensland (4,000), not South Australia (5,000), etc.

ML: Richard, apparently this process of reduction in the return flows needed 
and based on best scientific advice involved attacks on scientists; moves 
to censor them and an all-round lack of transparency.

RB: The Murray–Darling Basin Authority (MDBA) says it’s a scientific 
organisation.

It’s not, because it’s never released all of its work and all of its model-
ling as to how they say 2,700–2,750 billion litres of water returned to 
the environment each year represents the equivalent of an environmen-
tally sustainable level of take.

They’ve never exposed that and, of course, that means it’s not sci-
ence; because science is something that’s open, completely transparent, 
where someone, whoever it is, puts out all their work and results to ena-
ble other scientists to check that work. It’s called ‘peer review’. They’ve 
never done that.25

Therefore, it’s not a scientific organisation. In saying that it’s not a sci-
entific figure, I’ll be careful; I’m a lawyer, not a scientist. I’m basing that 
on reports and evidence from the CSIRO that told the Murray–Darling 
Basin Authority (MDBA) very clearly that a return to the environment 
of 2,800 billion litres of water a year, will not achieve the flow rates that 
are needed in the long term to protect and restore the environment of 
the Murray–Darling Basin.26
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MDBA had that from our leading scientific organisation. They 
were also told that unless you also factor in climate change projec-
tions over the next 20 or 30 years, you might as well not do this at 
all because it’s going to get hotter and drier. For each 1 degree C 
that the temperature goes up in the basin, we’re going to lose 15% of 
runoff and water. MDBA said: Thanks very much for that advice but 
we’re not going to put climate change projections in our figures for 
water, because the water needs for the environment would need to 
go up too much.

CSIRO writes back and says that it is scientifically indefensible to do 
that. MDBA and other Commonwealth authorities having received that 
advice, despite the fact that they’re spending our taxpayer money, just 
says, nah, we’re not doing that.27

So the Basin Plan as it stands has no projections in its modelling for 
climate change impacts in the future which seems pretty nuts given that 
it’s meant to be a plan for the future and it’s not going to be altered 
again to take account of climate change.28

ML: Presumably, whatever figures they have modelled are based on the past 
100 years or so of records; as distinct from what science might inform us 
about the expectations going forward. Can we move on to the $13 bil-
lion being spent to implement the Plan, and maybe even more in the 
future?29

I understand that it is being spent in two main ways: to take back or 
recover environmental water from existing licensees. One, as you men-
tioned, is to buy back the water voluntarily from those who own the 
licenses; and the other is from so-called infrastructure efficiency works 
in the form of resulting use efficiencies. First, what is the story with the 
buybacks? What actually happened and how much water was bought 
back at what cost?30

RB: The buy back has been capped at 1,500 gigalitres a year on average 
and that has been acquired and paid for by the Commonwealth. That’s 
now a legislated cap and the government can’t buy anymore than 1,500 
gigalitres. This has been in response to complaints from people in the 
Bush and through the National Party arguing that buying backwater 
from irrigators and farmers is decimating rural communities and the 
economies of the regions and rural towns.31

There is very little evidence of that. Good economists would tell you 
that while some very water-dependent small towns were impacted by 
some water purchases; in the main, downturns in rural and regional 
economies are almost unaffected by the purchase of water. They are, on 
the other hand, much more greatly impacted by things like mechanisa-
tion, changes in soil, commodity price fluctuations, and all these things. 
So that argument seemed to be nonsense.
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The other way the Commonwealth says it has recovered and acquired 
water is through what’s called efficiency measures. For example, a farmer 
typically sprays their crop and some of the water went to grow the plant, 
some into the ground, some back into the groundwater, and some evap-
orated. To make them more efficient, the government paid people – for 
example  – to install drip irrigation that is a far more efficient way to 
water and grow crops. In exchange for that public investment in the 
farmer’s irrigation infrastructure, that farmer would give some of their 
water efficiency savings back to the government, at least notionally on 
paper rather than necessarily in the form of real return flows to the river.

There’s been at least 60 years’ research on such efficiency schemes and 
the scientific consensus is that they don’t work; they cost the government 
a lot and become a handout for increased production from irrigation 
retaining the water savings on the farm.32 So I’m not sure they’ve been a 
success at all, and that scheme has now been scrapped by the Common-
wealth government and in the budget that was passed yesterday.

ML: So at the end of the day with these two approaches and this big budget 
of $13 billion nominally, they capped the buybacks at 1,500 gigalitres 
and now they’ve stopped these infrastructure efficiency works. All this 
money is being spent, but what has been achieved in terms of buyback 
and efficiency returns to meeting the river flow target level?33

RB: The Commonwealth says that it has now acquired about 2,100 gigali-
tres of the 2,750 it has targeted,34 and it’s not going to make the states 
recover the other 600 or so gigalitres to get up to that recovery target. 
They say they’re going to put in place new schemes under the Basin Plan 
that are called engineering ‘supply measures’. These are some ‘miracu-
lous’ as yet not fully defined ways of building infrastructure or operating 
waters that will yield the recovery target shortfall required.35

To give you one example, that incidentally doesn’t look like it’s going 
to go ahead anyway, a change to the way that the Menindee Lakes were 
operated so that water was taken out of those lakes much more quickly 
than done historically. There’s not always water in those lakes; and by 
moving it more quickly downstream and out of the lakes, it is claimed 
that you can save a lot of evaporation in future that previously would 
have occurred.36

ML: Returning for a moment to the infrastructure efficiency mechanism, for 
example, earth channel irrigation is not as water efficient as lined chan-
nels; spray irrigation is not as efficient in water use as trickle irrigation, 
etc. Yet the science and research revealed the efficiencies achieved were 
rarely recovered for the river.37 We could have ended up paying people 
to use more water for more development, is that right?

RB: Absolutely. One of the other scientific findings that were forgotten in 
funding these efficiency measures is that when crops are spray-irrigated, 
not all that water is lost to the environment. The evaporated bit is lost, 
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while the bit that goes on the plant for its growth is obviously not lost. 
However, the water that’s otherwise said to be lost as excess that goes 
on the ground either runs back to the river system if the farm is near a 
river, or it gets into the groundwater and gets back to the environment 
that way.

ML: In other words, the so-called ‘lost water’ as a measure of inefficiency 
in water use was actually being returned to the environment as a, quite 
substantial, previously unrecognised ‘return flow’?38

RB: Exactly. The MDBA was ‘double counting’ how much water they were 
saving through efficiency measures; which is what several scientists have 
been complaining about for ten years or so to the Authority.

You’re not saving the water you think you are because you’ve got 
to take into account the water that may not have grown an inefficient 
farmer’s crop, but wasn’t lost to the environment, because it ended up in 
the groundwater or even directly into the river in some cases.39

ML: As you say Richard, the Water Act was a visionary piece of legislation 
which appears – at the end of the day – as not being able to deliver on 
its vision and aspiration for restoring the environmental health of the 
Murray–Darling River Basin.40

This is a great tragedy not only for the health of our most scarce 
resource on a large scale but also for all the people who live in that basin 
and rely on it. There’s no honesty nor transparency about the situation 
they’re facing, and no attempt to be honest about how they might be 
assisted to adapt to the increasing climate-induced stresses that con-
front them.

RB: That’s a really, really good point Michael. Whether there is a basin plan 
or not, effective or otherwise; the future for the people that live in the 
Murray–Darling Basin is hotter, drier and with less water. The govern-
ment is going to have to help them adapt to that future and help the 
environment adapt to that future with, or without, a basin plan.41

Instead, there’s very little movement in relation to that assistance 
and even acknowledgement of the reality of the coming situation. I say 
again, I’m a lawyer. I don’t have all the solutions for that.42 That’s up 
to governments and it’s particularly up to the politicians that represent 
the people in rural and regional Australia, and they’re not doing a great 
job on it.

Conclusion

Despite over two decades of national water policy reform, legislation, institu-
tional creation and over A$13 billion of public expenditure; Australia’s single 
most precious environmental asset – the water of the Murray–Darling Basin – 
continued its historic degradation to an environmentally catastrophic and 
unsustainable condition.
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Visionary and innovative water policy reform was undertaken in a 
federal-state system of government that rests powers over water and environ-
ment with the states. It was necessary for federal government legislation to 
override those powers of the states by invoking its constitutional international 
treaty powers.

Negotiated in consultation with the states, a federal basin management 
authority was established and charged with developing and implementing a 
basin-wide management plan. The plan was not accepted by all the states, was 
rejected by basin farming communities and was publicly burnt in the streets 
of country towns.

The legislation, which was founded constitutionally on international envi-
ronmental treaty powers, empowered the newly established basin authority 
to develop and implement a basin plan based on the best available scientific 
advice. The objective was to return overallocated water rights in the form of 
restored environmental flows that would ensure the sustainable future of the 
river’s key environmental assets.

The range of target-level return flows was based on detailed, expert 
multi-disciplinary scientific modelling, but was rejected almost from the 
start on the basis of farming, community and political protests. The target 
level decided upon was well below the lower range advised by the scientists 
as required for sustainable water management in the basin, and the analysis 
behind the modelling changes was not transparently made available. The basin 
authority was also alleged to have not required the inclusion of climate change 
impacts.

Arguably, the changes made were illegal in not adopting ‘best available sci-
ence’ but equally important in this sorry tale of public policy management on 
a grand scale was the inefficient and ineffective expenditure of the A$13 billion 
budget. Overallocated water was to be taken back as enhanced environmental 
flows by one of two means: public investment in on-farm infrastructure for 
improved irrigation efficiency and voluntary auction-based buybacks of water 
allocations.

In the case of the former, even when water savings were realised, they were 
found not to be returned as environmental flows as well as the nominal ‘sav-
ings’ being ‘double counted’. Voluntary water buybacks were successful in 
reaching set targets but ignited strong objections from communities that felt 
destroyed by losing water from productive farming use.

Water buybacks were not only more effective than irrigation efficiency, but 
the resulting return environmental flows were achieved more efficiently; and at 
a significantly lower cost per unit of environmental flow returned.

Both sets of measures were dogged by political controversy and suspended 
at various times, with new unsubstantiated ‘projects’ put forward for public 
funding. Sustainable environmental flow targets have not been met to date 
and political arguments continue to date between the newly elected Labor 
government, the Opposition, farming lobbies and communities.43
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In a post-truth water world,44 new approaches to complex basin-wide water 
governance on this scale are, arguably required, in both policy and modelling 
dimensions.
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Introduction

An emerging and fresh perspective on Australian Aboriginal and indigenous 
culture challenges the long-established and conventional view that they are a 
hunter–gatherer society. There is historical and archaeological evidence of ele-
ments of a sedentary way of life with villages and houses, and with knowledge 
associated with techniques of agricultural cultivation and the storage of agri-
cultural products. This is a fascinating perspective, particularly in the context 
of the continuing debate prompted by climate change about Australian agri-
culture and its sustainability with increasingly disruptive droughts, fires and 
floods. There may be things that we can and should be learning from Indig-
enous Aboriginal people about their tens of thousands of years of continuous 
and sustainable lived experience on this continent.

Keywords: Aboriginal; agriculture; aquaculture; archaeology; bushfires; 
colonialism; cool burning; cotton, culture wars; domestication; droughts; fish-
ing; fish kills; grains; history; houses; indigenous; irrigation; landscape manage-
ment; native rice; native seeds; SDG 11; SDG 15; soil depletion; sustainability; 
terra nullius; tubers; villages; water management; water theft

Interviewee Profile

Bruce Pascoe (BP) is Professor, Indigenous Knowledge, University of Tech-
nology Sydney and has written an insightful book, Dark Emu: Black Seeds, 
Agriculture or Accident.1

The Interview

ML: Bruce, what motivated you to write this book and with what purpose 
in mind?

BP: I found it very frustrating that Australian history books in general, didn’t 
refer to the Aboriginal past in the way that I understood it, or that most 
Aboriginal people understand it. It seemed to me that Australians were 
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missing out on a complete understanding of their country. That’s what 
motivated me.

ML: What are you conveying by the title Dark Emu: Black Seeds, Agriculture 
or Accident? and the references it makes?

BP: The ‘emu’ is a creative spirit for Aboriginal people and when that creator 
finished work and left the earth, it went up into the sky and is visible as 
a shape within the Milky Way, quite visible at the moment, as it straddles 
Scorpio. With the ‘black seeds’, I was trying to convey that Aboriginal 
people were horticulturalists and agriculturalists.

‘Agriculture or accident’? asks Australians the question, which some 
anthropologists or archaeologists tried to pose and seemed resistant to 
the idea that there was any Aboriginal agricultural management activity. 
Reading the history closely, it’s hard to get away from the idea that this 
is regarded as a complex activity beyond an Indigenous society.

ML: What evidence and sources have you been able to bring to bear in high-
lighting the nature of this indigenous agriculture that goes back for 
nearly 60,000 years? In terms of the historical development of agricul-
ture on a global scale, the time frames for its emergence, say in the Mid-
dle East, for example, in Mesopotamia and Egypt, are in the order of 
5–10,000 years; that is, considerably later than the evidence of its exist-
ence among Aboriginal people in Australia. So, your basic proposition is 
most thought provoking.

BP: I was writing a book called Convincing Ground 2 about the Aboriginal 
Wars for the land which we lost, and our research came up with mate-
rial throwing doubt on the idea that Aboriginal people were hunters 
and gatherers, simply wandering around the country. I was finding evi-
dence of settled villages with substantial houses, and I’d never heard that 
before in studying the history of Australia as a university graduate.

I found evidence of Aboriginal people selling grain and tubers, har-
vesting both, and preserving food. Once I started down the rabbit hole 
through the archives, there was more and more evidence. It alarmed me 
that Australians knew so little about it and more than alarmingly, that 
our education system had perpetrated this idea that Aboriginal people 
lived an incompetent life. I wish I was writing Dark Emu now because 
there’s so much more evidence available, because many archaeologists 
in the last five or six years have been doing incredible work, some of it 
provoked by Dark Emu.3 Those findings are incredible and Australia is 
going to be fascinated by them.

For example, Jim Bowler, the archaeologist behind Mungo Man and 
Mungo Lady, and Jim Barlow’s last excavation at Warrnambool, Point 
Ritchie, showed evidence of occupation of Australia of 10–20,000 years, 
probably longer by now.4 That’s an incredible date in world history, 
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given our understanding that people left Africa 75,000 years ago, so that 
the age of 120,000 years is unexplainable in terms of the way history is 
taught around the world.

We need to take serious notice of this scientific evidence and try 
to come to grips with it. It’s about our country itself  – history with 
which Australians should be fascinated, not appalled, not doubting, not 
negative.

ML: Fascinated as I am by your material and the more recent scholarship, 
still the conventional views and people’s understanding of those achieve-
ments is very limited. As you say, it’s not taught in schools. It’s not even 
accepted widely in science, anthropology and other disciplines. How-
ever, many of your sources are from early explorers’ accounts, such as 
their diaries and journals. So even in the time following the initial occu-
pation of the land by British colonists, there was an awareness which is 
still on the written record by those people of the remarkable achieve-
ments that you describe. For example, you mentioned the early explor-
ers’ accounts of seeing women harvesting yams, onions, and cultivating 
the land, and apparently there are records in Western Australia of yam 
fields stretching to the horizon. What is the evidence about the type and 
extent of crops that were harvested?

BP: When Major Mitchell, the colonial-era explorer,5 wrote that he rode 
through nine miles of ‘stoke’ (sheafs) of grain, you have to be shocked 
because what he is talking about is agriculture.6 He uses an agricultural 
term. The fellows travelling with him talk about how beautiful the vil-
lages were, how many of them supported 1,000 people, and that each 
of the houses was different and comfortable. Where does that appear in 
the history of Australia? It is there, it is documented, but I never learned 
about it.

Mitchell was in awe of the development of Aboriginal people, but 
that never translated into the common understanding in Australia. That 
is a factor of colonialism. Colonialism necessarily assumes that the occu-
pants of the land are undeserving, that they are inferior to Christians, 
and that they should be relieved of their land and their life. And it’s not 
just Australia. In South Africa, Cecil Rhodes imposed prison sentences 
for mentioning that the Shona had built the city in which they were 
living, in what is now Zimbabwe but that he called Rhodesia, after him-
self. That same deliberate misconstruction of history was going on in 
Australia.

ML: It’s remarkable that Major Mitchell recorded seeing these extensive vil-
lage developments with circular huts built around central poles, and bark 
and grass covered by clay with centre holes for chimneys. And, as you 
say, he estimated populations of the villages at over 1,000, with evidence 
that they’d been used for a very long time. It is interesting though, 
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that when he came upon these places, he found them almost empty, 
because apparently the occupants decided to flee rather than confront 
the strangers.

BP: Yes, they obviously had experience with Europeans before and maybe not 
necessarily with the officials and the explorers, but rather with rogue Brit-
ish escaping from penal settlements or the like. Maybe the story of people 
like Dampier,7 had spread across the country on the ‘grapevine’ so that 
when Europeans were encountered, they were avoided because of history.

ML: How can we bring forward greater knowledge, awareness, acceptance 
and adoption of indigenous knowledge? Why has it been so ignored 
in our history books, in our schools and in our culture? Perhaps it was 
because it would have provided evidence of occupation of what was 
argued to be terra nullius 8 in justification of the colonial land grab. 
Perhaps some of the indigenous ideas and practices for agriculture that 
might have previously been seen as a challenge might be adopted to 
enhance the sustainability of contemporary Australian agricultural poli-
cies and practices.

BP: I  hope so and that the change will be led by Australian farmers of 
non-indigenous heritage because the drought is killing people. I live in 
rural Victoria and I’ve just come back from rural NSW; people on the 
land are desperate for answers because the prolonged drought is affect-
ing businesses. It’s certainly affecting farming.

People who have never read a book in their life are now talking to 
me about ‘Dark Emu’ because they recognise that agriculturally, we’re 
in real trouble. Farmers are reading it because they understand that the 
way of farming for 230 years can’t be sustained; that ploughing the land 
might work on good soils but that it can’t be tolerated in our light, dry 
soils that simply blow away.

I’ve just come back from Brewarrina where I drove through 100 kilo-
metres of dust because people were ploughing the land to grow that 
water-hungry plant, cotton.9 That is why the fish die in the Murray–Dar-
ling Basin.10 It is not drought as such because without these agricultural 
methods there would still be water in those rivers. The rivers have been 
dammed by the billionaires who are using assistance from the Australian 
government and the Australian people to grow cotton.11 It’s not because 
there’s not enough water; it’s because it’s badly used.

ML: I’m intrigued by what you write about indigenous use of grains, grain 
harvesting, grinding of seeds into flour on quite a scale, and storage 
in secure vessels thousands of years before Mesopotamia and Egypt. 
I believe they also cultivated rice.

BP: Yes. We were making use of Australian flora for our food; 80% of the diet 
was vegetable so plant use was important. I’ve just come back from a trip 
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to Ballina where I saw one of those storage vessels and we’re starting to 
study it to find out what was stored in it.12

We know from preliminary research that rice was growing, but a for-
mal study of it has never been done. The science for investigating prac-
tices in harvesting, sowing, preserving and storing food is incredible. 
Rice was discussed on ABC Radio about four or five years ago by a man 
steeped in knowledge of Australian grasses, but it had never occurred to 
him that Aboriginal people had domesticated them. Now that he and 
his fellow scientists are turning to look at it, they are finding that indeed 
Aboriginal people had domesticated the Australian rice and had been 
harvesting it for centuries before any other cultures.13

That doesn’t mean though that we’re the premiers at the top of the 
table. What it means is that Aboriginal life here began early, became 
sophisticated earlier, and was true to the Australian continent. We 
were not trying to grow northern hemisphere plants here; we are now, 
but Aboriginal people weren’t. They were using what was around and 
domesticated the wild plants that they knew, which strange as it might 
seem, had become adapted to Australian conditions.

I’m growing yams and I haven’t had rain on them for the nine weeks 
since I planted them, but they are flourishing. They love the drought. 
They’re used to it and respond beautifully to this environment because 
they’re Australian. We should all take a lesson from that and flourish in 
Australia. Don’t be afraid of it.

ML: Indeed, that is remarkable because clearly these sources of food – the 
grains, the cereals, the rice – were indigenous and adapted to the con-
ditions, presumably with a high degree of disease resistance, drought 
tolerance and able to adapt and survive here; and they sustained a society 
for thousands of years. In your book, you present a fascinating story 
about the way in which water was used for irrigation, through fish traps 
and aquaculture. What were the practices and knowledge to do with 
water, fish traps, weirs and irrigation?14

BP: I was transfixed by those early records that I read about water because 
I couldn’t believe that researchers would use the word ‘irrigation’ in 
relation to Aboriginal people; not because I thought it was beyond us 
to think of something, but what stunned me was that we never talked 
about it. We knew it at one stage in our history, but we don’t talk 
about it.

There are those ingenious means of collecting fresh water, for 
instance, where the wells were capped with perfectly fitting stones that 
had been ground for that purpose, so that vermin couldn’t fall in the 
water and evaporation would be reduced. It made me sad for our coun-
try that we didn’t know or appreciate it. There are incredible numbers 
of fish traps and many sophisticated trapping systems.
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Donald Thomson took a photograph in Cape York of an incredible 
system that had been built by that community.15 It must have taken 
weeks to build. It’s a very deliberate construction and incredibly efficient 
but also very sustainable because fish couldn’t pass through the trap in 
the periods when Aboriginal people weren’t fishing and could continue 
with their daily life. It was meant to be sustainable and respectful of the 
fish. That’s not how we fish today in the world where we’re destroying 
our fishing grounds.

Over the last ten years in Australia, we’ve lost 30% of our reef species 
and if we go for another ten years at that rate, we will lose 60%.16 Every 
Australian will be paying an absolute premium for fish. It’ll be a part 
of our diet that will disappear because of overuse and yet Aboriginal 
people have been fishing sustainably for we don’t know how long. It 
makes me feel sad to think that we’ve ignored that contribution to world 
knowledge.

ML: Arguably, we are already paying the price for the way in which our agri-
culture and food systems have effectively gobbled up thousands of years 
of sustenance of the land in a few generations of sustained exploitation 
verging on plunder.17 It’s almost like an extractive mining industry that 
we’re engaged in rather than a renewable, sustainable process.

We can probably learn a few lessons of sustainability too when it 
comes to wildlife, landscape and vegetation management through con-
trolled, cool burning.18 This is a story that also has relevance to us now, 
isn’t it?

BP: Aboriginal people ‘control burnt’ the landscape systematically. It wasn’t 
ad hoc in any way. Everybody within hundreds of kilometres had to be 
consulted about the activity and methods. They had to be engaged in 
it. It had to reflect their needs. It was a transcontinental arrangement 
and its application differed from district to district. It was a consulta-
tive process so that your fire wouldn’t endanger or prejudice the food 
production of another community, maybe 200 kilometres away. It was 
democracy in practice.

Aboriginal people mastered its application in recognition of the dan-
ger of using fire and the need to use it wisely. Superconscious of the 
needs of other people and careful in that regard, they used it as a regen-
erative tool, and the early European occupants referred to the Australian 
landscape as resembling a gentleman’s park.

The book by Bill Gammage is a terrific read on this topic;19 as is the 
book by Charlie Massy,20 both of which I recommend. This approach 
to landscape management was evident to Europeans when they arrived 
here, but we stopped using fire in that way principally because of the 
constraints of private land ownership that prevents repeated burning so 
that the forest becomes scrub, and the scrub becomes flammable. So, 
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here we are, on the brink of probably the worst fire season the conti-
nent has known in the past 200 years and this summer promises to be 
terrible.21

ML: As you look in prospect on the issues we have been discussing, are you 
optimistic about the opportunity for and the realisation of a better 
understanding and adoption of indigenous cultural knowledge, values 
and practices, and any progress towards more sustainable agriculture, 
land and water management?

BP: I have to be optimistic because I have four grandchildren. I’m not going 
to give up on the world before they get a chance to cure the ills that my 
generation produced. If I were to watch Channel 7 or Channel 9 com-
mercial news, I’d be severely depressed, because they’re so full of fluff, 
they avoid the big issues in the world so completely.

Even watching the SBS News, which is my favourite vehicle, can lead 
you to giving up, but we can’t afford to. We’ve all got children. We’ve 
all got grandchildren, nieces and nephews. Our responsibility is to keep 
working hard to the end of our lives in order to give them a chance 
because the little kids I speak to – the eight-, nine- and ten-year-olds – 
are determined that under their watch things will be different and that 
gives me great hope.

ML: Well, that’s an encouraging way to end this discussion. Are you working 
on anything in particular currently?

BP: I’m working on a film which talks about these very areas and so we’re 
looking at the new research that is fascinating.22 We’re going to remote 
parts of Australia and seeing incredible things and we’ve got to dip our 
lids to the young archaeologists of the country who have turned their 
minds to these things that their elders had ignored.

An edition of ‘Dark Emu’ has been published for young readers and 
is being widely adopted by schools.23 When I talk about archaeologists 
having ignored Australia, there were obvious exceptions including Peter 
Lax, John McDonald, Peter Veth and Michael Westaway.24 They’re 
doing incredible things, so I don’t mean to demean their work in any 
way. I mean to applaud it, but in general terms, in Australia what weight 
has not been put behind the question of what were Aboriginal people 
doing to survive over those many millennia in a unique environment?

Conclusion

The Aboriginal peoples of Australia have survived and thrived in a harsh and 
ever-changing climate for at least 60,000  years and are the world’s longest 
surviving culture. They have developed ‘holistic’ knowledge and practices that 
have enabled them to live sustainably throughout millennia by working with 
the flora, fauna, landscape and cosmos unique to the Australian continent.
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There is much to be learnt from, and with, them about living sustainably on 
this vast and driest of continents. Sadly, history since colonisation in the eight-
eenth century not only ignored indigenous knowledge and culture but has 
sought to deny its existence, and has extended to its destruction. In particular, 
the First Nations’ people made up of over 300 nations spread across the conti-
nent have been characterised simply as primitive nomadic ‘hunter-gatherers’.25

Recent research and writing have provided evidence of significant elements 
of a more settled, agricultural and farming-based society governed by partici-
pative management practices geared to sustainable survival. Diaries of colo-
nial explorers record long-ignored encounters with housing settlements and 
villages; agricultural cultivation and domestication of native plants, grasses, 
grains and seeds, along with their harvesting, processing and storage; aquacul-
ture and fish traps; sophisticated landscape and water management practices 
involving cool burning and irrigation; and inter-community trading and social 
gatherings from across the continent.

Archaeologists have increasingly provided evidence in support of these 
practices. Modern, increasingly industrialised large-scale agriculture, farming 
and livestock practices are rooted in the agricultural practices and resources 
of the northern hemisphere and are demonstrably unsustainable in this ‘great 
southern land’. They are based on the use of productivity-enhancing plant 
and animal varieties, industrial chemicals and pesticides, with extensive and 
well-known environmental impacts on biodiversity, carbon emissions, species 
loss, water pollution and soil degradation.

The historical and archaeological findings of the long-term sustainability 
of agricultural, land management and settlement practices of First Nations’ 
peoples across the continent have been strongly challenged in some quarters 
of academia.26 Nevertheless, there is broader mainstream and younger genera-
tion acceptance, engagement with and adoption of indigenous knowledge in 
agricultural, scientific and research domains.27

The long silence on indigenous knowledge inherited from colonial and 
Victorian eras and perpetuated in present times as a part of the broader ‘cul-
ture wars’ has been breached. This reflects and acknowledges the experience 
and lessons in sustainability on this unique Australian continent of the world’s 
most ancient surviving culture, and its relevance to today.
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Introduction

The innovation process is – at its simplest – a chain of events and processes 
starting with creativity, basic research and on through research and develop-
ment. But at the back end, it’s all about diffusion and adoption,1 changing 
people’s practices and confronting many cultural and institutional barriers in 
the process. Our topic is an amazing story about the process of trying to 
effect changes in traditional agricultural practices in Australia over a long-haul 
period. It is a very personal story of trying to bring regenerative agriculture to 
the landscape, an agriculture that’s working with and in harmony with nature 
and ecosystems; and moving towards ‘ecological literacy’ and beyond sustain-
ability in the long term.

Keywords: adoption; biodiversity; broadacre; carbon cycle; carbon cap-
ture; catchment management; cereals; complex adaptive systems; cropping; 
diffusion; emergent properties; enabling; extension services; grassroots 
movement; grazing; food supply; hydrologic cycle; human health; indus-
trial agriculture; innovation adoption curve; kitchen table conversations; 
integrated land management; land care; regenerative agriculture; SDG 
11; SDG 12; SDG15; self-organisation; soil biology; technology trans-
fer; women

Interviewee Profile

Dr. Charles Massy (CM), OAM, is a New South Wales (NSW) fifth-generation 
farmer, scientist and author. His book, Call of the Reed Warbler. A New Agri-
culture, A  New Earth,2 charts his ‘mistake-ridden’ journey to regenerative 
agriculture. He is a well-known global advocate for ‘regenerative agriculture’.

Charles holds a science degree from the Australian National University 
(ANU) and returned at an early age to his family property on the Monaro 
Tablelands around Canberra, running merino sheep and cattle for over 
40 years. He was awarded a PhD (2009) from the ANU in human ecology 
where he is a Research Associate.
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The Interview

ML: Charlie, your book is many things; but in part and very importantly, it’s 
a story of a personal journey. It’s been described as ‘a brutally honest 
account of a personal journey of redemption’.3 How would you describe 
the journey that you’ve undertaken?

CM: That description sums it up. I  had to finish my university degree 
part-time when I was 22 because my father had a major heart attack, 
and I took over our farm not knowing how to manage it until I followed 
the practices of so-called ‘lead farmers’.4

I proceeded to make all the mistakes you can make in farming. That 
led us into a major debt and we had to sell part of the farm because 
we tried to manage it the wrong way. It wasn’t until I discovered the 
wonderful innovators involved in regenerative farming that I  realised 
there was a better way. A way that didn’t harm the land or put poison in 
our food and, in fact, works on some of the big systems to do with our 
planet. So, I guess it’s a bit of redemption that we swung our own farm 
over to that sort of farming.

ML: Your farm might be called ‘broadacre’ on a few thousand hectares on the 
Monaro high plains country with sheep. Is that basically the perspective 
that you have on these issues?

CM: Yes, it’s more like 1,000 hectares, mainly sheep; but occasionally, in a big 
season like this, one that might be we will bring in cattle to do an eco-
logical mulching role. So yes, a traditional farm in that respect, but we 
do a lot of biodiversity work and other things that link in with getting 
our landscape working better.

ML: Where does the phrase, ‘regenerative agriculture’ come from in terms 
of science or practices?5 It seems to have its roots in other strands of 
farming approaches, such as sustainability, permaculture, pesticide; and 
organic, herbicide-free farming. What is the underlying idea and concept 
behind it?

CM: Yes, good question Michael, and you’re right, it is a ‘broad church’ 
with different strands. When I’m lecturing students and in my book, 
I describe four ways of understanding our landscapes; our system works 
essentially on four key landscape functions.6

First, the more grass, trees and shrubs we can grow; the more carbon 
we pull out through the solar cycle. Second, that puts sugars into the 
soil which in turn feeds into the soil biology. If you get the solar and soil 
systems right, then you improve the water and hydrologic cycle, which 
is the third component side.

With those three systems functioning in combination, you end up 
with a wonderful biodiversity. I’ve added a fifth function which is the 
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‘human’ dimension because all those different functions in the way our 
landscapes and gardens and everything work are totally interrelated as 
is the human.

Industrial agriculture simplifies and cuts across all those relationships, 
and its resulting ‘monocultures’ kill off the soil biology with too many 
fertilisers. It also interferes with the water cycle, gives you dead soil biol-
ogy and not much biodiversity.

What we’re doing in ‘regenerative’ farming is standing back and 
empowering nature to get on with what she’s pretty good at after millions 
of years of evolution. Once you do that, you get a remarkable regen-
eration of those natural systems, a ‘no brainer’ given the arrogance of 
humans in thinking we can play the role better than nature.

In a nutshell that is ‘regenerative agriculture’. Someone sent me a 
lovely card the other day with a Beatrix Potter-type scene of a rabbit 
that’s got into the vegetable garden, lying on its back chewing a carrot, 
and the caption was ‘all the best things in life are free’.

What we do in regenerative agriculture is maximising, empower-
ing and making use of the three interrelated landscape functions that 
nature gives us: namely, rain, sunshine and soil biology, and the resulting 
biodiversity.

ML: As I understand it, regenerative agriculture applied with these landscape 
functions that you’ve described – this ecosystem if you like – is a process 
of revitalising and regenerating something that’s being degraded, and 
that perhaps has been ‘mined’ in a sense. Is it, for example, in the case of 
soils the idea that somehow the mechanical, chemical-based agricultural 
decisions and practices lead to their degradation and non-renewable 
‘mining’? Are you critical of current farming practices in that sense?

CM: By implication, yes. I’ve been there. I’ve done that and I know when 
you’re trapped in that paradigm you can’t see out of it. There’s no good 
in condemning individuals; the real story is that our Earth is entering 
the Anthropocene in which we’ve dangerously disturbed the key earth 
systems that sustain us. We have this suicidal, dominant worldview that 
now rules our planet, which is ‘economic rationalism’, that goes for 
growth for the sake of growth that means endless destruction.7

Behind that are the big multinational corporations and if you look 
at Australia and all modern economies, they determine government by 
their very power. Look at our politics and policies, totally predicated on 
that ethos for government departments, universities and colleges. We’re 
all doing the one thing in a ‘monoculture’ sort of way,8 which is simpli-
fying and degrading the earth systems through ‘industrial agriculture’,9 
which is supported by all those institutions.

CM: ‘Regenerative agriculture’ has evolved as you said from many strands, 
such as biodynamics, healthy agroforestry, ecological or holistic grazing, 
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and some wonderful new cropping developments, all of which rely on 
natural principles and natural inputs.

It is a real challenge for this enormous industrial agriculture power 
base. That’s the big-picture context behind what’s going on and the 
exciting thing is that the innovation is coming from the ‘bottom-up’, 
from the farmers. Whether it’s from way back with biodynamics, from 
more modern, post-Second World War organics, or more recent crop-
ping and grazing practices, it is essentially a farmer-led revolution and 
that’s unique in the broad sphere of human innovation if you look at the 
twentieth and twenty-first centuries.

ML: It sounds like we have the knowledge base to inform adoption of these 
new more sustainable agricultural, ‘regenerative’ processes and practices. It 
doesn’t sound like a big investment is required in research and knowledge. 
It seems that the name of this game is in the process of changing behav-
iours by farmers and modifying their decision-making so that they can 
adopt these different ways. Traditionally in agriculture, new innovations 
have been diffused from research and knowledge, often in the government 
sector, including public research institutions like the CSIRO, and agri-
culture departments through extension services,10 and the like. However, 
now what? What role do such institutions have now in promoting and 
diffusing ‘regenerative agriculture’ methods, and what are the barriers?

CM: That’s a perceptive question. The traditional agriculture extension inno-
vation adoption is top-down where we the experts have developed this 
knowledge that we’re now going to feed it down to you farmers at grass-
roots. You can sit there with an open mouth like a baby bird and take it.

That’s the assumption on how the innovation adoption process 
works. Regenerative agriculture is based on an existing knowledge base. 
We know a lot and it’s rapidly increasing now that farmers are working 
with topsoil biologists. We know a lot about how soil biology works, 
about the solar energy cycle and the carbon cycle. And we know a lot 
about biodiversity.

The point you made very early on is that this is really about the exten-
sion of that knowledge, and not an imperative for a whole lot of new 
research in a different field of knowledge. It’s a total case of a dominant 
paradigm which is industrial and economic rationalist versus this emerg-
ing paradigm.

It’s not new, in the respect that, for example, the United Nations 
recently did a survey that found 75% of the world food production – and 
industrial powers don’t like to hear this – comes from peasant farms, five 
acres and less, and they’re all run under natural biological processes.11

So, it’s not like it’s something new, but it is new for the industrial 
world, and an imperative because a key factor in the destabilisation 
of the earth systems that’s pushing us into the Anthropocene is the 
10,000 years of agricultural degradation and desertification.12
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Nearly half of all agricultural land available for farming has now 
been desertified because we’ve just killed the biology, over-grazed. and 
over-ploughed it. That’s what’s behind this ‘regenerative agriculture’ 
movement. It has the potential to address and turn around some of the 
Anthropocene challenges. We can put a lot of carbon into the ground 
through healthy, developing healthy soils and healthy grazing. The other 
exciting thing is that once you start growing a lot of food off biologi-
cally healthy soil you’ve got a totally different type of food supply, full 
of nutrients and phytochemicals, which we’re long coevolved for, and 
that’s hugely linked to human health.

The escalating exponential rise of modern human health diseases par-
allels almost exactly in a carbon copy, the rise of industrial agriculture, 
pharmaceuticals and the chemicals that we put into our bodies and into 
our food.

ML: Charlie, you used the words ‘movement’ and ‘grassroots’. It sounds like 
this innovation process of adoption and diffusion is being driven from 
the bottom-up outside conventional processes or institutions. You tell 
many stories of successful application by many different farmers, but 
these are relatively small islands of practice within the dominant para-
digm, and have now been going on over a long period, haven’t they?

CM: You’re quite right. I deliberately call it an underground insurgency from 
the bottom-up. I’m not the great innovator; I am just the storyteller. 
It really is a bottom-up farmer-driven thing using basic principles. For 
many of us, our shift to regenerative came out of a major, often personal 
crisis. I interviewed some 80 people in doing my PhD that led to the 
book who’d swung over and in 60% of the cases it had been a major 
life shock that pushed them there, whether it was a bout of cancer, a 
chemical poisoning accident, or a major debt from a drought; there 
were sort of head-cracking events. That’s a different form of innovation 
adoption, absolutely. It’s not top-down but bottom-up and it’s for dif-
ferent reasons.

If you look at the traditional innovation adoption curve,13 you’ve got 
that chasm at about the 8 to 12% range where it’s hard to break into 
the early majority. I’m not sure that model applies to regeneration, but 
if it does, I would say we’re moving out of the ‘early adopters’ into that 
‘early majority’. It’s absolutely taking off, and many of us are doing a 
lot of talking, travelling, and lecturing in this space. When I started a 
few years ago, if you’d get say 25 people and a couple of cattle dogs at 
a town hall, you’re going well. Now, it’s about a hundred to a 150 plus, 
so something’s happening and the interest is alive. Just look at the traffic 
on web pages, etc.

ML: As you say, the traditional innovation diffusion adoption curve posits, 
and particularly in agriculture it’s been true historically, that you have 
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the leading innovators who are out front, the individuals who take the 
risks, pay the costs, break the new ground and others follow based on 
their example. The stories that you tell, including your own personal 
story, are of leading-edge innovators, leading by example, and they must 
pay a price for what they’re doing in challenging the norms within their 
own communities and their own industries, mustn’t they? What sort of 
a cost is faced by this advocacy and leadership that you and others have 
been doing on regenerative agriculture?

CM: Definitely you come under attack because you’re threatening people’s 
comfort zones and their traditional ways of thought. I  think though 
that we’ve got to the stage now in Australia, where it is gaining respect-
ability, and not just in Australia but in the international community 
among Americans, South Africans and Europeans. There’s a lot of 
cross-fertilisation, talking, sharing, and it’s very collaborative; we’ve got 
to the stage where it’s beyond isolation. There’s a growing community, 
and many organisations and support groups you can go to, and that’s 
where the bedding down of an innovation occurs. You can do a course 
on grazing, or new cropping, and you’ve got mentors and case studies 
to draw on and provide support. The original innovators were all alone 
and they were getting fired at every time they put their head above the 
trench.

I’ll give you a good example of just how radical this approach is. The 
traditional approach for cropping and industrial agriculture around the 
world is based on monoculture cereals, corn or soy, a lot of chemicals 
and fertilisers, and pretty much dead soil with a lot of problems. A cou-
ple in Western Australia farming a marginal semi-arid country came up 
with an innovation using worm juice and compost extract as their only 
fertiliser. Using no industrial inputs they are now getting equivalent 
yields to the industrial world but with much greater resilience. Their 
crops don’t get dusted or a lot of water damage at harvest if it rains, and 
they’re running more sheep and broadacre cropping, by using nature; 
about 30–40 thousand acres of crop and a lot of biodiversity along with 
it. It’s quite radical and you can see why it’s a threat to the establish-
ment and a very powerful Department of Agriculture and the other 
government departments that promote industrial agriculture, as do our 
agri-political groups like the National Farmers Federation (NFF).

ML: These kinds of barriers to which you’re referring are common in pro-
cesses of innovation and disruption in whatever sector, confronting 
vested interests who are doing very nicely out of the existing system, 
and that can put up a stiff resistance. You and your fellow ’regen-
erative’ farmer colleagues have come across some of that, no doubt 
in very telling and personal ways, but at the individual farmer level 
their planning and decision-making happens when sitting around that 
kitchen table.
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How is the advocacy of regenerative farming going to reach into and 
penetrate that level of awareness and individual decision-making?

CM: Good questions Michael and not easy ones. I’ve done dozens and dozens 
of talks right across Australia and internationally: getting farmers into a 
room – initially in small numbers and now in their hundreds – and other 
groups and people such as Landcare14 and catchment management.15

In many cases, the drivers and the organisers are the women, 30–40 
maybe 50-year-old family oriented; they’re the ones that are concerned 
about food and family. We males like to get into a machine and whip 
hell out of the country, because that’s the way we’re made but one of the 
avenues of change is that female concern for food, family and the Earth.

It’s increasingly happening with males as well and that seems to be 
one of the key reasons why this adoption pathway is different to your 
traditional Department of Agriculture and extension. The other thing 
that’s happened is that in many of the states now there is no extension 
coming out of the Department of Agriculture. The gap has been filled 
by the big chemical and industrial companies through the local stock 
and station or supply companies in country towns, so there is even more 
direct pushing of industrial agriculture.16

ML: Why is it that the states-based extension services that for decades in our 
history drove such important innovation and productivity in Australian 
agriculture are no longer in place?17

CM: I think it’s cost savings for the government. They’ve cut the hell out of 
agricultural research, the Department of Agriculture has been stripped 
right down, etc. That would be my guess. They’ve defaulted to even 
more direct one-on-one extension people who are agents for the chemi-
cal and industrial sectors selling the products of the existing system.

ML: You mentioned as part of the dynamic of approaching these issues 
around the ‘kitchen table’;18 that a lot of women and female farmers19 
are engaging with this. Perhaps more than some of the blokes. Is this in 
some sense, perhaps without getting sexist, a reflection of the fact that 
the ‘regenerative’ approach is what might be called an approach to a 
‘complex adaptive system’20 in which you need to behave in very differ-
ent ways to get outcomes? Do you need to understand how things work 
in a different way and with a different mindset?

CM: You’re right. A nurturing mindset is needed in dealing with our land-
scapes, water, soils, solar energy and thereby diversity. It is a long, 
coevolved, complex adaptive system and when we stand back and allow 
it to work, what are called the ‘emergent properties’ that have evolved 
over millions of years of evolution, are allowed to provide the solution 
to that system becoming complex and healthy. To me that’s exciting and 
my definition of ‘regenerative agriculture’ is the enabling of complex 
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adaptive systems to function and allowing those emergent properties, 
their solutions, in other words, to revert to greater stability, diversity, 
richness and complexity. It’s an important point you’ve made.

ML: Complex adaptive systems such as agriculture and the environment 
having among their attributes the features of ‘self-organisation’ and 
‘open-ended creativity’.21

Is ‘regenerative agriculture’ trying somehow to free up the whole 
system of any human intervention, or is it that humans need to act in 
these sorts of ways themselves? Such systems obviously look after them-
selves, but we’re wanting to get agricultural outputs and productivity, 
aren’t we?

CM: Great question. At the core of my definition of ‘regenerative agricul-
ture’ is we farmers enabling that self-organisation to work; I don’t see 
it as either or. By standing back we create an enabling function that 
allows those natural systems to self-organise back to health, stability and 
greater complexity. It’s as simple as that; farmers becoming the enablers 
of complexity rather than the dominators and the simplifiers, who shut 
down that self-organisation.

ML: The title of your wonderful book, The Call of the Reed Warbler, reminds 
me in an interesting and positive way of the celebrated and influential 
book Silent Spring by Rachel Carson.22, 23 What is the idea behind the 
title of your book that advocates ‘regenerative agriculture’?

CM: Great question, Michael. Having done a lot of psychology and a lot of 
writing, I am aware of the power of metaphors. My title came from a 
story in my research, when I visited a friend who had regenerated the 
creek on his property, which for 150 years had been flogged over and 
over again. When we drove out to have a look at the creek, his neigh-
bour’s farm above his on the creek was still that old fashioned, com-
pletely bare property in the area. Sheep hadn’t been moved off. There 
was dust blowing. The creek wasn’t running.

When we got to my friend’s creek which was below the neighbour’s, 
suddenly there was this huge green zone on either side of the creek. 
It’s covered in beautiful reeds and the water was running again, and 
while we were standing down at the creek admiring this for the first 
time, a little patch of reeds had been brought in by water birds no more 
than the size of a suburban house at the most. And as we chatted, this 
reed warbler bird started to sing from among the reeds. That would 
have been the first time, probably in 150 years, that a reed warbler had 
returned to that creek. To me it was a metaphor. This farmer had ena-
bled natural functions to get working again through his grazing and 
slowing down water movement and dumb nature started to respond. It 
is just a delightful metaphor; I thought that summed up that ‘regenera-
tive’ process that we’ve been talking about.
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Conclusion

‘Regenerative Agriculture’ enables the self-organising and self-creating natural 
systems of sun, soil and water, to regenerate landscape, plants and habitats of 
biodiversity and sustainability unimpeded by the constraints and environmental 
degradations of controlled, mono-cultural, industrial agriculture reliant upon 
chemicals and fertilisers. Output and productivity levels are maintained and even 
improved in a sustainable manner by enabling the ‘emergent properties’ of a ‘com-
plex adaptive system’ without damaging the health and diversity of the underlying 
natural ecosystems, such as soil biology, carbon cycle, and plant and bird life.

The knowledge base and practices have developed over decades from mul-
tiple strands of sustainable farming practices such as organic farming, perma-
culture, agroforestry, landcare and minimum tillage. The historical reliance on 
knowledge generation, diffusion and adoption through state-funded research 
and extension services has been undermined by significant cuts to government 
funding and services closures. These public-sector roles have been largely 
ceded to commercial corporate industrial activities and outreach to farming 
communities by agents and sales forces in stock and station agencies, whose 
primary purpose is to drive business, sales and farming practices to productiv-
ity reliant on the dominant industrial agriculture paradigm.

Standing back and empowering the naturally regenerative systems to 
develop their own complexity and biodiversity is the farmer’s role. The lead-
ing farming innovators and adopters are often driven by the need to confront 
personal or financial crises on the land, such as droughts and family farm suc-
cession. Regenerative agriculture is akin to a grassroots movement that pro-
motes innovation and diffusion of awareness, knowledge and practice among 
farmers at the ‘kitchen table’, and ‘town hall’ meeting levels, often led by 
women and female farmers, who champion a nurturing rather than exploita-
tive ethic. From a ‘grassroots’ level, the regenerative movement confronts 
and challenges the dominant paradigm and practices of powerful industrial 
agriculture and its leading practitioners and advocates can often pay a heavy 
personal and social price. 
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Introduction

The term ‘Silicon Valley Consensus’ is a pervasive view about the ecosystem 
of ideas of innovation, creativity and disruption – originating from the Silicon 
Valley experience – and their implications for the future of work.1 We live in an 
era where the ‘mantra’ of innovation, entrepreneurship, creativity and disrup-
tion is all around us. It drives a lot of business activity but also government 
thinking and policy, with immense political and social implications. But to 
what extent can we say that it might be responsible for and can explain some of 
the politics of the day, particularly in America and the rise of populism? Maybe, 
this reflects those who feel in the American labour market and in communities 
that they’ve been ‘left behind’ in all this with growing levels of inequality, lack 
of jobs and destroyed communities. And what’s the way forward from this 
‘world view’ of innovation and creativity and disruption? How do we find a 
path of ‘structural adjustment’ that’s fair to everyone and spreads the benefits 
as well as the costs, and to what extent does this involve having to engage 
with the ideas behind the Silicon Valley consensus of a technical, technological 
digital revolution?2, 3, 4, 5

Keywords: America; corporate governance; creativity; entrepreneurship; 
financialisation; inequality; innovation; jobs; Keynesianism; know-how; knowl-
edge economy; left behind; market fundamentalism; policy paradigm; SDG 10;  
SDG 9; Silicon Valley Consensus; skilled immigration; STEM; skills; tacit 
knowledge; technology determinism; Washington Consensus

Interviewee Profile

Michael Piore (MP), Massachusetts Institute of Technology (MIT), Emeritus 
Professor, Political Economy, is an eminent economist and political scientist 
who has written for many years on topics such as labour markets, international 
affairs, the meaning of innovation, what makes for a creative economy and 
how can we move beyond an inherent ‘technological determinism’ and ‘indi-
vidualism’ that resides in those views.
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His particular interest is in labour economics and the structure of employ-
ment opportunities and wages in an economy driven by social processes of 
technology and globalisation to undermine employment in legacy industries.6

He has been faculty at MIT since his appointment in 1966 holds joint posi-
tions in Economics and Political Science, and among other responsibilities is 
Associate Director, Center for Technology Policy and Industrial Development. 
His many publications include the books The Second Industrial Divide (1986, 
Basic Books), Innovation: The Missing Dimension (1986, Basic Books), Beyond 
Individualism (1995 Harvard University Press) and Root-Cause Regulation: 
Protecting Work and Workers in the Twenty First Century (2018, Harvard Uni-
versity Press). Michael Piore has worked internationally and with many organi-
sations including the US Department of Labor and the International Labour 
Organisation (ILO).

The Interview

ML: Michael, how have you come to formulating this view of what you’ve 
called the Silicon Valley Consensus? What’s the ‘problematic’ and the 
issue that you’re responding to by framing your policy-focused paradigm 
in this way?

MP: I and many of my colleagues have been thinking about this for some 
time. In the 1980s and 1990s, the economics profession and also the 
policymaking community was very much dominated by a view about 
markets that somehow the economy was going to be driven by competi-
tive markets and that government intervention was only going to create 
inefficiencies in the economy. That’s a view which was pushed very much 
by the United States and partly under that influence also in the broader 
sense by the international agencies, ranging from the UN to various 
kinds of international banks.7

Then, beginning in the 1990s this view of a kind of ‘market determin-
ism’ was replaced by what I’m calling the Silicon Valley Consensus which 
became widely spread in the policymaking community, that technology 
rather than markets, was the dominant force driving the economy. But 
with both of those views we came to believe that these forces were inevi-
table and that you had to just let the economy be driven by them.

The result was that there was enormous displacement of labour in 
certain old industrial areas that we ignored or didn’t pay attention to 
and where we thought it was the inevitable price of progress. And it was 
those old industrial areas that gave the margin of victory to Trump as 
President in the 2016 election.8, 9, 10

It was kind of a shock to all of us which forced us to look at and 
re-evaluate our own way of thinking. Certainly, that’s what has pushed 
me to think hard about what is the real mechanism of technological 
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change and how much is it inevitable and how much is it really some-
thing which can be controlled and moderated by public policy.

ML: So, you see the Silicon Valley Consensus as a sort of a ‘technologi-
cal determinism’,11 contrasted to perhaps the earlier ‘economic deter-
minism’,12 or ‘market fundamentalism’. You describe innovation as a 
‘self-fulfilling’ prophecy. What do you convey by that idea from an eco-
nomic and social point of view?

MP: Innovation, almost by definition is an ’excursion into the unknown’. 
It’s new. You don’t really know and can’t really predict where it’s going. 
Research and development in trying to capture and shape the trends 
of technology is very much a self-fulfilling prophecy. We look for tech-
nology change where we think it exists. We’ve come to believe and 
we keep talking to ourselves almost, and preaching to each other, that 
technological change is going to be found in ‘high technology’, which 
requires increasingly high levels of education and is going to be driven 
by a kind of innovation in which individual entrepreneurs shake up the 
society. So if we believe that, then all business firms are busy out there 
trying to be the kind of entrepreneurial force that captures this high 
technology.

In fact though, in the United States at least half of the research and 
development funds are governmental funds and they’re not driven at all 
by the market or by any underlying technological force.13 They’re driven 
by what government agencies think is the direction of technology.

Private companies are pushing to be the first to get to that place 
and it’s the government sector which is trying to protect the country 
and make us the leading edge of new technologies. But everybody is 
working on the same set of beliefs and it’s in that sense that we’re kind 
of creatures of our own belief in innovation, whereas if we thought or 
believed that it was really important in order to reduce the educational 
requirements of technology, in order to look for technologies that bridge 
the gap between the machine and the man if you will. If we looked in a 
different direction, we would find different technologies. The direction 
in which we choose to look, where we should be pushing it seems to me, 
should be the welfare of society as a whole.

ML: Michael, the way you portray ‘consensus’ is like an ethos, a set of beliefs 
and a policy paradigm, if you like, a way of thinking which informs not 
only the role of government and the way it behaves and invests but 
also the private-sector players and the entrepreneurs. But you’ve also 
characterised it as typically a process that has pretty uncertain outcomes 
by its very nature. Can we open this up a bit perhaps with the question 
of the education needs to which you have referred as an ‘obsession’ 
with STEM (Science, Technology, Engineering and Maths) education?14 
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Where does this obsession with STEM education fit into this innovation 
paradigm or consensus critique of yours?

MP: It fits in in the sense that we have come to believe the Silicon Valley 
consensus that we’re inevitably moving towards high technology and 
that in order to create the technology but also in order to staff it and 
have employment in the world into which we’re moving, you have to be 
highly educated, you have to have essentially a technical education.

Particularly in my own country, there’s this sense that if we don’t have 
more science and engineering students, we’re going to fall behind and 
we’re going to be taken over by China, India or Japan, and so we have 
to educate people who can push us in this direction. Because we’re edu-
cating people who can push us in that in this direction, we move in that 
direction, but in fact, half of the graduates of science and engineering 
programmes in universities in the States,15 at least are working outside 
those occupations,16, 17 and in fact we’re revising our immigration system 
so we can attract scientists and engineering students particularly from 
India and China.

ML: This seems a bit of a paradox that the US is promoting STEM and 
generating numbers of graduates in those disciplines, but they’re not 
finding work, and yet, on the other hand, there seems to be a demand 
which is needing to be met in the case of America by immigration of 
these people who are being produced by the education systems in places 
like China and India?

MP: I think it is a paradox but one has to ask why are there so many scien-
tists and engineers available from China and India and attracted to the 
United States, Europe and Australia as well. I think the answer is that 
China and India are also taken in by the Silicon Valley Consensus and 
believe that they need to have higher technical education. The result is 
an overproduction even in very poor countries of highly educated man-
power that can’t really find satisfactory employment in their own country 
and thereby a pool of labour that we draw on through our immigration 
system in order to facilitate movement in the same direction.

ML: A related point that you make is about the so-called ‘knowledge econ-
omy’18, 19, 20 which seems to be part of this Silicon Valley view of the 
world as a sort of monetised, commoditised version of knowledge in the 
digital era. What are your thoughts on that?

MP: Well, it’s a belief that’s dominated thinking about industrialisation for 
the last two centuries. We think of knowledge and education in terms of 
formal knowledge and formal education, whereas a lot of what actually 
is the ‘know how’ that’s brought to bear in the day-to-day operation of 
the economy. It is what we call ‘tacit knowledge’,21, 22, 23 when blue-collar 
people who pick it up on the job in the process of production. We call 
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it ‘clinical knowledge’, a more elegant term, but it’s really the same kind 
of process of knowledge generation when doctors are using their own 
‘experiential learning’, and lawyers and professionals are using experien-
tial learning. We’ve kind of underplayed that aspect of knowledge and 
so we’ve lost a set of ideas and really don’t have a set of policies that 
preserve that knowledge, that validate it and that use it as a substitute 
for formal education.

ML: You’re saying that the idea of the ‘knowledge economy’24 tends to 
undervalue this ‘tacit knowledge’, which you are saying is embedded 
through experience in communities, organisations and institutions, and 
that somehow the Silicon Valley view of the world, the policy paradigm 
that you say is the dominant one, ignores that experience. But we hear 
a lot too in this digital age of the very important role of ‘entrepreneurs’, 
following the ideas of the Austrian economist Schumpeter, that they 
are the real drivers of innovation and knowledge through their ideas, 
creativity, disruption and value creation. What’s your take on the role of 
entrepreneurs in this Silicon Valley consensus mantra?

MP: Well, again, ‘entrepreneurs’ gives the impression that it is individuals 
who create new technology.25 Schumpeter had the idea that society was 
very conservative and that it resisted change and new technologies, and 
you needed an unusual person who could come in and break with the 
dominant social consensus in order to change the way we did things in 
the world. But in fact, what we found in our studies, at least at MIT, is 
that innovation in the sense of changing the way we think about things 
and do things actually grows out of the community. That in fact, the 
way society evolves is like a language and you have to think of lan-
guage as paradigmatic of what it means to be a human being. What 
distinguishes us from every other living creature is basically the ability to 
communicate with each other, and tacit knowledge evolves, and indeed 
even formal knowledge tends to evolve like a language in a communal 
sense. Instead of language being static and conservative in the way that 
Schumpeter pictures society, language, in fact, is always evolving and 
continuously changing, and our studies at MIT suggest that it is what 
you’re doing when you deliberately go about creating new technologies.

For example, what we did in creating the cellular telephone, the 
Global Positioning System (GPS) or the World Wide Web (WWW), was 
to create a new community in a sense rather than their growing out of 
the market. The Web grew in the first place out of the development 
of large companies and government agencies that created ‘intellectual 
communities’ of people who knew how to learn through something that 
looks more like ‘conversation’ than research and development. They 
developed a new way of thinking about the world and the particular 
innovations that we now attribute to individuals like Steve Jobs grew 
out of these new ‘intellectual communities’.26, 27
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ML: We’re talking here about entrepreneurs and how that concept tends 
to overemphasise the role of individuals in innovation and creativity as 
against the community in a more institutionalised sense. But what about 
the role of enterprises themselves aside from entrepreneurs, and the role 
of corporate governance, and how they’ve been managed and how their 
practices have changed in the past couple of decades to take on board 
these changing perspectives of innovation.

MP: The US economy was dominated in the immediate post-war period by 
very large companies with a long existence that basically saw themselves 
as the important social players and that were relatively closed and inter-
nally managed.28 We had a lot of problems with what that might mean 
for the structure of society and for the democratic process. But in fact 
what happened in the late 1970s and 1980s, and even more in the new 
century, was that these previously closed companies that used to finance 
research and development before it went into the marketplace, and that 
had internal managers, many of them have disappeared. They have been 
overtaken by new technology, but they no longer have this internal kind 
of structure that generates both innovation and over the long term.29

For example, Bell Labs and IBM used to have enormous research and 
development operations which were closed off from competitive pres-
sure and where these new kinds of ‘communities’ developed shielded 
from competition.30

Now those companies are less and less investing in long-term research 
and development, while at the same time they have become increasingly, 
through what we call ‘financialisation’,31 dependent on external financing 
and have boards of directors that are outside the company and really don’t 
have independent judgement as to how the company should be moving.

They’re much more dependent on ‘fad-and-fashion’ thinking; that if 
a company isn’t investing the way other companies are investing in cer-
tain kinds of ideas in certain markets, then their board of directors wants 
to know why. Whereas, if you follow the ‘fad and fashion’ of business of 
the moment then the board of directors accepts your judgement.

ML: That’s a fascinating perspective. You’re suggesting or proposing that 
those formerly more ‘closed institutions’ in terms of outside directors, 
there not being so many outside directors as in more recent times, that 
they had people who were much closer to the business as against the 
corporate governance models of later time,32 that opened them up to 
‘independent’ directors.

And as you say, financialisation is basically maximising the short-term 
shareholder returns on the assets of the company, rather perhaps than 
thinking about longer-term innovation. This is a substantial critique of 
contemporary management but does it to any extent reflect the reason that 
many of the new big tech companies have chosen to go down the ‘private 
company’ rather than ‘public company’ structure and control path or not?
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MP: To some extent that depends on which month or year you’re looking 
at these companies because there is a kind of alternation between being 
highly dependent on outside financing and on outsiders to support the 
company when it goes to the market for funds and so on, and then partly 
as a reaction to that, the companies have moved to become private to be 
more able to avoid going to the market for financing. There’s this kind 
of swinging back and forth in corporate governance, but relative to the 
immediate post-war period there’s much more dependence on outsiders.

ML: So Michael, given your presentation of the Silicon Valley Consensus and 
critique of the structural adjustment problems that are being thrown 
up, particularly growing inequality and losses of jobs and communities, 
that leaves us with a big question. How do we go forward from here? In 
the past, as you’ve remarked, we’ve had a couple of major policy para-
digms driving government thinking and business activity in the post-war 
period. We had the Keynesian ideas and the positive role of government 
in all of that in driving growth, and then in the 1970s and 1980s we had 
the Washington Consensus with its market-based focus.33 Now we’re 
caught up in this innovation mantra with the Silicon Valley Consensus. 
Do we need to rethink this and come up with a new policy paradigm? 
What’s at stake here and what’s the direction we need to be thinking?

MP: It’s pretty clear from what I’ve been saying that I think we do need a 
new policy paradigm, that we need to understand not just the role of 
individuals, but that they’re all part of the larger communities, and how 
do those communities develop and evolve overtime. But also, we need 
to think of who gets left out and of the existing communities. We have 
this tendency to think let the market or let private judgement play itself 
out, and then afterwards we’ll pick up the pieces and will compensate 
people who suffer, who don’t participate in this process. It’s pretty clear 
that we can’t continue with that approach, the result of which is that 
people don’t get compensated, that some people do get left out. But it’s 
really hard, almost impossible to make up for the ravages and the mark 
it leaves behind after the market has played itself out.

So, we need to understand better the role which communal institu-
tions play in society and in the evolution of the economy. And then we 
need to think about who gets left out by those communal institutions 
and how to go about deliberately constructing a more egalitarian, not an 
egalitarian distribution of income but an egalitarian distribution of social 
goods. That’s the paradigm and outcome that I would be advocating 
today. I don’t think anybody really can provide that out of a cookbook 
but I think it’s the direction we need to move.34

ML: That is a clear ‘call to arms’ that you’re making, Michael. It sounds like 
quite a challenge for our times not least given the very polarised politi-
cal climate of debate that we have of divided countries and citizens on 
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these core issues, but there is also a great opportunity. As you say, in the 
previous ‘paradigm shift’ eras of Keynes and the Washington Consensus 
there were real turning moments achieved. Are you optimistic that both 
the political and the intellectual climate are up to coming up with some 
real answers and alternative ways at this point?

MP: No, I’m not optimistic at all when I look around what’s happening in 
the political process. On the other hand, ideas like innovation are some-
thing new by definition. A new paradigm is something which you can’t 
see coming and we didn’t see that in the post-war period. We didn’t see 
the shift towards the market happening in the 1970s until it was upon 
us and we didn’t see the shift away from what we called the Washington 
Consensus to a kind of ‘technological determinism’ in the 1990s and 
at the beginning of the new millennium. One can only hope that there 
will be innovation in the way we think about policy in the same way that 
there’s innovation in productive technology.

Conclusion

The Silicon Valley Consensus that has been driving innovation policy in the 
US has contributed to the displacement of individuals and communities, and 
has fuelled a divisive populist backlash in American politics. Based on a form 
of technological determinism underpinned by Washington Consensus ‘market 
fundamentalism’, it has created a large number of Americans who feel ‘left 
behind’ in the growth of the economy and by its accompanying growth in 
inequality without attention being paid to processes to easing the costs of 
structural adjustment in the economy. The Silicon Valley Consensus-based 
public policy is in effect a ‘self-fulfilling’ prophecy that posits high-technology 
disruption driven by individual creative entrepreneurs and demanding ever 
higher levels of education and skills formation in Science, Technology, Engi-
neering and Maths (STEM). A  paradox lies at the heart of this ‘obsessive’ 
STEM policy paradigm in that while producing increasing numbers of STEM 
graduates who cannot find high-tech work the country re-focuses its immigra-
tion programme on high-tech graduates from overseas to fill domestic vacan-
cies while ‘overproducing’ graduates overseas that cannot be employed at 
home. In this monetised and commoditised ‘knowledge economy’, the values 
of ‘tacit knowledge’ and of ‘experiential learning’ are undervalued.

Changes in corporate structures and governance driven in part by the 
large-scale ‘financialisation’ of the economy have seen the financial services sec-
tor grow, while the manufactured goods sector has been hollowed out. Large 
corporations that previously funded substantial R&D programmes internally are 
now hostage to short-term returns and cut back long-term, high-risk research 
programmes. The new generation of high-tech companies from Silicon Val-
ley operates in an environment that over-emphasises the role and significance 



Silicon Valley Consensus 239

of the individual private-sector entrepreneur rather than engaging ‘intellec-
tual communities’ and promoting the broad welfare of society. A public policy 
‘paradigm shift’ is needed to replace the prevailing Silicon Valley Consensus if 
innovation, competitiveness, job security, a more equal distribution of social 
goods, and social and political harmony are to be revived and sustained. 
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Introduction

What is the role of business in addressing the climate change issues in Aus-
tralia? Australian governments have been struggling for ten years or more to 
come to grips with the issues and to put in place a transition to a low-carbon 
economy in the face of campaigns of fossil fuel interests’ ‘climate denial’.2, 3, 4 
It seems though, that latterly, business generally is taking things into its own 
hands and stepping up to the plate with its own strategies and initiatives; sup-
ported or even urged on by institutional investors and activist shareholders to 
reposition business for low-carbon, sustainable development in the long term. 
The public, for its part, appears to have more trust these days in the capacity 
of business to do things than it does in its governments.5 Is the public justified 
in placing this trust in business and can business deliver when governments 
appear to have failed?

Keywords: Abatement Certificate Providers (ACP); Australian Carbon 
Credits Units (ACCUs); Australian Chamber of Commerce and Industry 
(ACCI); Australian politics; Business Council of Australia (BCA); business 
lobby groups; carbon emissions trading; carbon lobby; carbon offsets; corpo-
rate governance; corporate social responsibility (CSR); eco-right; environmen-
tal, social and governance (ESG); fiduciary responsibility; fossil fuels; (NSW) 
Greenhouse Gas Reduction Scheme (GGAS); greenwash; (NSW) Independ-
ent Pricing and Regulatory Tribunal (IPART); institutional investors; Koch 
Brothers; lobbying; market-based mechanisms; Minerals Council of Australia 
(MCA); NSW Greenhouse Gas Abatement Certificates (NGAC); NSW Min-
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Bob Carr (BC) is Industry Professor at the University of Technology, Syd-
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Affairs Minister.
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The Interview

ML: Bob, in your recent memoir,6 among the many achievements that you 
talk about; you express pride in your achievements in environmental 
conservation, and particularly in respect of your declaring 1,000,000 
acres of eucalyptus forest as reserves and protected, and introducing the 
first-carbon pricing scheme in Australia. What lessons might you have 
learned about dealing with business, and bringing them along on envi-
ronmental issues?

BC: By focusing on market-based solutions. The NSW Greenhouse Gas 
Reduction Scheme (GGAS) which came into place in January 2003 – 
and was literally the world’s first mandatory carbon-trading scheme7 – 
created an obligation on electricity distributors to ‘offset’ any emissions 
above a certain benchmark. If they went beyond that, they had to make 
an investment in serious ‘offsets’ that might have been tree planting, but 
not any old trees anywhere in the state. It meant planting with a com-
mitment so that trees were not to be logged for over 100 years, trees of 
certain species, and other obligations.

The methodology here was important.8 If Australia had simply grown 
the NSW GGAS scheme instead of trying to establish more ambitious 
emissions trading, which was to be defeated in the Senate in 2009;9 we 
would have been signalling to investors that we’re pricing carbon, that 
they had to limit their emissions, but doing it in a way that consumers 
barely noticed it was a long-term price path for all carbon products.

I think ‘incrementalism’ is a big lesson. It was implicitly understood 
that investors would respond to governments giving them this long-term 
indication and consumers’ responding to an uprising path, whether it’s 
reducing water consumption or making arrangements about electricity. 
I think it’s a tragedy that we didn’t use this ‘soft’ approach to pricing 
carbon in Australia, and I think we’ve lost a lot of time as a result.

ML: Bob, you’re saying that part of the key to dealing with the private sector 
and bringing them along was to adopt a ‘market-based’ approach that 
they can relate to in dollars and cents, and to set out a longer-term incre-
mental vision and framework within which they can plan and invest.10 
What has motivated you in the past six months to take up this new posi-
tion as an industry professor focusing on business and climate, as distinct 
from perhaps say, focusing on the role of governments and policies, not 
least given your background and expertise?

BC: It was an interesting coincidence that I  took up the post at the time. 
It was becoming clear that government would be resistant or slow, but 
that business would be reaching through and driving innovation, not 
because they’re all committed ‘greenies’ but because the legal pressure 
on directors is now unavoidable, and because institutional investors such 
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as investment funds or superannuation funds have got to take account of 
climate risk before they commit the funds that they manage.

A third source of pressure is from individual shareholders making it 
known at annual general meetings that they don’t want a company like 
a bank exposed to carbon because its future is very doubtful. Insurance 
companies are perhaps in a class of their own, facing huge, immediate 
and obvious risk from climate change and they’d be crazy if they didn’t 
take account of the impact of changing weather patterns, for example, 
on their insurance payouts. It’s created a situation where all the four big 
banks in Australia, for example, are getting out of thermal coal. They’re 
not going to be exposed because they’re calculating that climate change 
is real and that down the track in response to the big climate events, 
governments are going to be tightening up.

ML: You are saying that businesses are facing real business risks, and some 
of those risks are being played back into them by investors, insurance 
companies and various stakeholders. In a sense, they are responding in 
their own self-interest. But what in reality can business actually end up 
doing? In particular, their whole approach to corporate governance back 
to Friedman in the 1970s, as far as boards are concerned, is that the aim 
and role of a corporation are to maximise profits for their shareholders. 
Directors have a ‘fiduciary responsibility’ to do that, and by implication 
not to pursue other objectives. So, are there constraints here despite the 
apparently positive corporate rhetoric on climate change?

BC: Yes, there’s now a body of law that says directors have a responsibility 
to manage risk and high on the list of risks, according to definitions by 
corporate regulators such as ASIC, APRA and the Reserve Bank in Aus-
tralia, and by comparable organisations in jurisdictions overseas, is the 
climate risk. A director has to take account of that.11

On top of that, government agencies are saying company boards 
have that legal obligation in taking decisions to weigh climate risk; 
while institutional investors – including superannuation funds – putting 
money into a company, be it a bank or a manufacturer are saying their 
policy is not putting money into activities related to thermal coal or into 
coal-fired power. Just as these investors protect the reputation of their 
companies by not putting money into activities linked to child labour, 
they won’t put money into anything that’s degrading the planet through 
carbon emissions. So that is something we can believe.

Companies are steering away from carbon because it is now a 
clear legal obligation. Carbon-based businesses will lose money in a 
carbon-constrained world. In a world threatened by climate emergen-
cies like the one that Sydney faces with its bushfire crisis,12 governments 
are going to act, and they could be acting suddenly in a disorderly fash-
ion, so you’re not doing your job as a member of a board unless you’re 
factoring that in.
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ML: Right, so in your view, the framework for legal systems of our company 
law, corporate governance and regulation that date back to the mar-
ket fundamentalist ideas of Friedman from the 1970s prioritising profit 
maximisation and shareholder primacy, can accommodate companies’ 
responses to climate change within that framework, including directors’ 
fiduciary responsibility. Do you believe that the legal corporate frame-
work requires any attention or reform to ensure that corporate rhetoric 
is realised in their practice?

BC: Oh no, the lawyers are unanimous on this one. They’re stating unani-
mously that a corporate board has got to take account of the climate risk.

ML: That’s great that there seems to be a disposition among some areas of 
business to want to get out and do things on climate change, despite 
government inaction, and within a regulatory and legal framework that 
gives them a room to do that. But what are we to make of the incredible 
big money lobbying efforts on this issue over the last ten or 15 years in 
Australia,13, 14 and of course much bigger money over in the US – lobby-
ing governments against policies in this domain?15

We have major industry associations in this country, including the 
Minerals Council,16 both the Australian and the NSW operations, and 
the Business Council of Australia (BCA)17 with its huge corporate mem-
bers who are militating against effective climate change policies.

BC: I think it’s very real. I think it’s very powerful. I think it’s very sinister. It’s 
been effective as well. It’s been effective above all in the United States, 
which ten years ago looked on the point of enacting on a bipartisan basis 
an emissions trading scheme. The McCain-Lieberman bill in the Senate 
was a manifestation of that, but the carbon lobby did it in.18, 19, 20, 21

The notorious Koch brothers in America assembled funds through 
Political Action Committees (PAC) to undermine any political activ-
ism around climate and they subverted language to do it.22 The indus-
try, very early in the debate, said we don’t like the ‘global warming’ 
term so started calling it ‘climate change’. But that nomenclature is 
phoney; the climate has always been changing: here’s been winter, 
spring, summer.

The fossil-business lobby knows we’re talking about ‘global warm-
ing’ driven by human activity, in particular, the pumping of excessive 
quantities of carbon into the upper atmosphere in a way that changes the 
climate. But the soft language subverted that debate, and it was driven 
by a pro-carbon lobby. As a result, you’ve got a government in Amer-
ica today that comprises climate deniers, not only President Trump but 
more threateningly – because he can be dismissed as an eccentric – mem-
bers of his cabinet like Pompeo and his Interior Secretary, and his Vice 
President, all of them mocking the idea that human activity is producing 
a change in weather patterns and other manifestations around the world.
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The lobby has been very effective there and in Canada and Aus-
tralia. Climate change denial, funded by the carbon lobby, has real 
influence over the way governments act and it’s been a big factor on 
the conservative side of Australian politics. I’m interested in people 
on the conservative side of politics in Britain and a very small num-
ber in the United States known in America as the ‘eco-right’, includ-
ing a former Republican Congressman, Bob Inglis, who has resisted 
the carbon lobby.23 He says, I’ve been to Antarctica and have seen 
what’s happening there. I  want a carbon tax with all the proceeds 
being returned to taxpayers.

ML: Are you encouraged in any way that somehow the membership of 
these well-funded fossil fuel business bodies and their policies may alter 
these issues? Or are we stuck with these campaigns of climate-denying 
lobbying?

BC: There is movement as a result of shareholder pressure. BHP has changed. 
It has pulled out of some of these bodies. These bodies are still lobby-
ing hard though and one of the recent thrusts has been to say coal is 
Australian and it’s patriotic, making it look unpatriotic to contemplate 
an economy beyond coal.

There is some argument that it might be better if BHP were to stay 
inside the tent and to try to modify the behaviour of these lobby groups; 
but that’s something to be considered by BHP and shareholder activists 
trying to influence BHP behaviour on a case-by-case basis.

ML: The rhetoric and positioning in the public policy arena from these lob-
bies have been one of threat, fear and uncertainty about science. It’s a 
negatively based but powerful campaign. What are the opportunities 
that business sees in a transition to a low-carbon economy, particularly 
in Australia?

BC: Professor Ross Garnaut’s latest book Superpower is bulging with ideas 
about how Australia can be an energy superpower in a post-carbon 
world.24 He identifies, discusses and analyses a raft of opportunities 
where Australia has competitive advantage in a world responding to cli-
mate emergencies.

For example, you’ve got manufacturers in Japan, South Korea and 
Germany looking for a place to produce their products where they’re 
not going to be indicted for using carbon. Garnaut argues that Aus-
tralia is that perfect place because of the competitive advantage that 
renewables give us. I think that’s one of the most important books to 
be published in Australia in the last ten years, because it lays down the 
opportunities for us as a carbon-dependent country and a great carbon 
exporter, but being even wealthier in a post-carbon world.

ML: Yes, it would be wonderful to see such a positive vision of opportunity 
taken up by Australian business. As you say, Ross Garnaut paints those 
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opportunities vividly across just about every sector of the economy, 
from the added-value processing of minerals and energy, through the 
transport and electricity systems, and in the agricultural sectors with 
carbon farming and the like. To what extent though, can we believe or 
hope that these opportunities can be realised by business on commercial 
grounds in the face of government policies that are either not support-
ive; or in some instances, quite contrary to those opportunities?

BC: I think business is going ahead on its own but saying out of earshot that 
they’re not getting guidance from Canberra. What we’re looking at in 
Australia at the present time is business responding to shareholder pres-
sure from investors, international pressure and pressure from business 
regulators like ASIC, APRA, the Reserve Bank (RBA). It is thinking that 
while Canberra fusses around about whether it’s going to subsidise coal, 
we’ve just got to start planning for the post-carbon future, and we have 
to keep up with Europe because it’s a big source of investment funds for 
this country.

ML: There’s a long history over at least ten to 20 years of business interna-
tionally and here talking about corporate social responsibility (CSR),25 
ethical investment26 and environmental, social and governance (ESG)27 
approaches against which many investors try to benchmark different 
companies for investment purposes.

How effective has all this been as distinct from being just corporate 
public relations talk and ‘greenwash’?28

BC: We’ve got to be sceptical of the new orthodoxy from business. Some 
firms are changing seriously. Banks are winding back the money they put 
into thermal coal. That is significant and is going to be transformative. 
You need to go a step further though and challenge the banks.

Are you driving a transformation of the Australian economy and 
going well beyond what you’re obliged to do by the shift in directors’ 
responsibility to find a new norm in response to what regulators are say-
ing? There’s a debate to be had there: People employed by big corpora-
tions whose job is to add stuff to annual reports to give the impression 
the right things are happening.

On the other hand, the Commonwealth Bank (CBA), for example, is 
including in its annual report, a surprising amount of material about its 
carbon footprint and what it’s doing about it, and this is a transforma-
tion of what used to be the case.29

ML: Bob, to what extent these developments we are discussing might nec-
essarily involve a ‘reimagining’ of the corporation in respect of its role 
and purpose in society, and of the associated systems of corporate 
governance?

For example, the influential annual letters to investors from Larry 
Fink, CEO of BlackRock Investment which is probably the single biggest 
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global investor, handling trillions of dollars of investment in companies. 
He talks about the repurposing and rethinking of corporations, and the 
need for that to be reflected in laws, regulations and codes.30

BC: I’m not sure. It is a bigger question than any I’ve wrestled with. I’m 
sure there’s going to be a backlash and people will say ‘your best con-
tribution to society is to responsibly make a profit’. But I’ve got to say 
that the scale of this climate emergency we now face is serious enough 
to see a transformation in the corporation itself, and maybe you’ll get 
it in America. Senator Elizabeth Warren, a candidate for the Demo-
cratic nomination, has legislation in the Congress that makes employees 
shareholders not just stakeholders.31 She’s a former professor of law at 
Harvard. This is a serious tilt in the way we’ve defined the corporation. 
Where it leads, whether there will be a backlash, whether it be reining 
it in, I don’t know, but I do know that climate change is serious. It’s all 
about us.

The fire crisis in Sydney while we speak, the reason I’ve got a cough 
and raspy, is just a sign of things to come. It’s a climate event. There are 
going to be other climate events and they will force a reaction. This is 
what worries business but, in any event, they’ve got to be prepared for 
the reaction when it comes, in the 2020s or early 2030s. They’ve got to 
be ready for that.

Conclusion

Acceptance by the business sector of the state-based NSW Greenhouse Gas 
Reduction Scheme in 2003 amidst long-standing effective paralysis in Aus-
tralian government action on climate change is a notable exception. This 
can be attributed to its reliance on a market-based mechanism that took a 
time-phased, incremental approach to electricity emissions reductions. It pro-
vided clear guidance from the government on the trajectory of required cut-
backs and the resulting requirements for investment by business and price 
impacts on consumers.

This world first, mandatory carbon-trading scheme was based on trading of 
carbon credits as offsets to carbon emission. This state-based scheme preceded, 
by many years, the long-debated and ultimately rejected proposed full-blown 
national carbon emissions trading scheme in 2009.

Effective national targets and mechanisms were not successfully legislated 
until 2023 by the new incoming government but many challenges remain in 
terms of both developing new techniques of carbon reduction and new metrics 
and enforcement measures to ensure that carbon reductions are achieved.32, 33

Fossil fuel-based, vested corporate interests mounted well-funded, success-
ful political lobbying and public relations campaigns against effective climate 
action over many years that included the re-framing of public policy debate 
and language, for example, from ‘global warming’ to ‘climate change’, to mini-
mise, question and knowingly obscure the long-standing scientific evidence.34
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Somewhat ironically, having as a result contributed to a long-term loss of 
public trust in institutions and governments, the public has looked increas-
ingly to the business sector more generally to take action where governments 
have failed. Under pressures from banks, investors, shareholder activists and 
corporate regulators, corporations are setting their own strategies and invest-
ments to manage the growing awareness and realities of climate change risks 
to the sustainability of their businesses and investments, their corporate liabili-
ties under law and systems of corporate governance such as ESG, and the legal 
responsibilities of their boards and directors.

While there is inevitably evidence of corporate public relations ‘greenwash-
ing’, and an absence of clearly defined standards and metrics backed by regu-
lations and enforcement, there is a fresh questioning of the long-dominant 
views of corporate governance as rooted in bottom-line, short-term profit, 
maximising shareholder value;35 and a renewed questioning and reimagining 
of the fundamental idea and role of the corporation, including as a response to 
achieving sustainability in the face of global climate warming.
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Introduction

Corporate governance1 is about corporations and business enterprises, and 
the way in which they are managed, governed and held accountable. There 
have been significant developments in the way that corporations are viewed 
by society, their ‘social licence’ to operate,2, 3 and their reactions to their envi-
ronmental and social responsibilities. The term ESG (environment, social 
and governance) has gained prominence in recent years as a way to under-
stand and evaluate a company’s impact and performance beyond the financial 
bottom-line measure.4 ‘Responsible investing’ by banks, investors and asset 
managers is now rapidly growing globally to significant proportions.5
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and in Sydney. Most of the top global corporate companies are their clients.

The Interview

ML: The traditional approach to corporate governance is the idea that the 
primary responsibility of boards and directors in overseeing companies 
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is that of protecting their shareholder interests by maximising profits. 
What is the nature of that basic idea and responsibility?

PB: My focus is on companies that are listed on say the ASX, the London 
Stock Exchange or other stock exchanges around the world. They raise 
capital through money provided by their shareholders, and they have 
a board of directors elected by shareholders that provides oversight 
of management on issues such as strategic direction and monitoring 
remuneration.

In considering a board of directors, first, you want competent people 
with a mix or diversity of skills and background. For example, if it’s a 
mining company like BHP (Broken Hill Proprietary Ltd), you would 
expect to see independent directors with mining skills. If it’s a bank, say 
CBA or National Australia Bank (NAB), you’d expect to see some of the 
independent directors with banking and financial services skills. But you 
don’t want a mining company with a board made up of only miners or 
mining engineers; you want a diversity of skills and experience on that 
board.

You want directors as a centre of competence but also with intellec-
tual honesty and that have a deep and inquiring mind so they can ask 
questions of management. They need to understand the strategy and 
how it is being implemented and be able to direct the strategy as ‘stew-
ards’ on behalf of investors.6 A director might be in that position for, say, 
six to nine years. They should leave the company in better shape than 
when they were appointed. They’re there as representatives of the share-
holders for whom they need to deliver long-term sustainable returns. 
They need to take a broader stakeholder view of their impact on the 
environment, on society and on their employees in order to be able 
to undertake that stewardship function on behalf of the shareholders 
whom they represent.7

ML: The directors have ‘fiduciary’ duties on behalf of those shareholders 
who invest in listed companies.8 What does that mean? What are they 
accountable for? Does it just mean the stock price? And how are they 
held accountable?

PB: They are accountable for more than the stock price. Stock price is one 
way to measure the success of a company. Those boards that are very 
focused on short-term stock price are likely not managing the externali-
ties of their companies’ operations which will potentially catch up with 
them down the track. Board directors join as stewards, and they need 
to look after the company assets and deliver long-term returns for their 
investors.

Company profit and loss statements are one measure of success but 
that statutory requirement does not measure externalities which are 
those costs that are put on society. For example, delivery companies 
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are calling their riders, contractors not employees. There have been 
some rider deaths which are horrendous. That’s pushing the cost of 
the operations of those companies onto these riders and onto society 
because others have been injured as well, and that’s not reflected in the 
profit and loss statement prepared under accounting standards. It’s these 
external costs that need to be managed for long-term sustainable returns 
for investors. You need to have directors with what I term ‘intellectual 
honesty’ to understand those externalities and make sure that they are 
minimised.

ML: You’ve distinguished between short-term profitability and long term, 
and direct financial liabilities and what you call broader social and envi-
ronmental externalities. How does the regulatory system work in those 
respects in Australia? Presumably, the corporate regulator ASIC holds 
directors responsible for the financial returns, including the dividend 
payments?9 How are the externalities handled that don’t impact on the 
financial bottom line?

PB: Shareholders have a powerful tool of accountability in that they are 
responsible for electing directors to the board. Directors are generally 
up for re-election every three years and shareholders can vote against 
their re-election; it is up to shareholders and particularly institutional 
investors.

The whole board’s accountable for their actions, and so there’s a bit 
of a test that comes up in the annual general meeting (AGM) when 
shareholders either vote for or against directors’ positions. That’s where 
accountability can lie, and I think that in the past, investors haven’t used 
that tool enough. An example where that tool was used was with AMP at 
the beginning of the Royal Commission into misconduct in the financial 
services industry.10 A  lot of issues were raised at the Commission and 
investors felt that the board had not been accountable for their actions. 
As a result, two directors stepped off the board before the subsequent 
annual general meeting. There has been, since then, a significant turno-
ver on that board. Investors have the power with this voting tool to make 
the boards accountable regardless of what regulations do or do not say.

ML: Shareholder activism is emerging as a powerful force these days, espe-
cially in the context of ESG.11, 12 It hasn’t always been so.13 On the other 
hand, we have been exposed over recent years in Australia – if not else-
where, globally – to a lot of cases and revelations about the failure of 
corporate regulators, including ASIC, to effectively regulate the behav-
iour and governance of corporate boards.14 What have we learned about 
the failure of regulators to hold corporate boards accountable?

PB: I  think you’re right in terms of the regulators, but I’d prefer to talk 
more about boards and look at what’s happened in financial services 
and misconduct. The Royal Commission brought out many examples 
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of misconduct and spoke a lot about company culture,15 which it is a 
board’s responsibility to create, but I don’t agree with that view.

The board’s role is to set and approve purpose, principles and val-
ues. Those have to be communicated throughout the organisation so 
that anyone working for that organisation has an understanding of the 
company values and that their behaviour should be in alignment, or you 
have misconduct and a bad culture.

But you can’t create the culture. You’ve got to set the values and prin-
ciples, and yes, you can blame regulation and the regulators for some of 
the things that happened, but you can’t regulate for competence. I wish 
you could, but you can’t. I think this is where shareholders and inves-
tors have a responsibility to engage with their investee companies and 
to ask questions, particularly the large institutional investors, because 
they have access to the board: What is your purpose? What are your 
principles and values? How are you communicating that through the 
organisation? How does the board know when there are cases of mis-
conduct or serious misconduct? How does the board know that there 
are action plans in place to address incidents of serious misconduct? And 
this information needs to be provided on a continual basis to the board. 
If you read Commissioner Hayne’s report, none of that was happening 
in the large banks.

ML: With regard to ‘shareholder activism’, including through large, institu-
tional investment and finance funds; what’s been happening recently and 
how effective are these shareholder interventions?16

PB: There are a number of what I call ‘social shareholder activist’ groups. 
The two key ones in Australia are Market Forces,17 and the Australian 
Centre for Corporate Responsibility (ACCR).18 They’ve been very suc-
cessful over the last five to eight years in bringing shareholder proposals 
to annual general meetings (AGM) of Australian-listed companies. To 
bring a shareholder proposal requires 100 individual shareholders or 
owning 5%, so only large institutional investors would hold 5%, and 
most wouldn’t even hold anywhere near that. So they’ve been very suc-
cessful in garnishing, say 100 shareholders and putting proposals on 
agendas mainly relating to climate change.19 They are currently targeting 
fossil fuel companies and in the last couple of weeks OilSearch, Santos 
and Woodside have agreed to put a climate change report to sharehold-
ers’ vote. That’s not stopping those such as ACCR tabling shareholder 
proposals on the agenda for this year’s AGM for those companies to be 
forced to have it enshrined in their constitutions, but the companies 
have voluntarily come out and offered to do it.

ML: A recent report about the performance of banks is saying, though, that 
despite a lot of the talk, particularly from the big banks, they are not 
actually moving their patterns of investments away from fossil fuels.20 
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There’s been a lot of discussion too about the ‘social purpose’ of corpo-
rations,21 to distinguish from the idea that corporations are there just for 
the financial interests of their direct shareholders. What is this discussion 
about and who’s leading it?

PB: A number of asset owners are leading this discussion but I think it also 
gets very confused. Directors have a fiduciary duty under Corporations 
Law to the company,22 and again that comes down to the point that 
directors are ‘stewards’ of the companies’ assets. But I’ll keep coming 
back to the point that to discharge their fiduciary duty they need to take 
a broader ‘stakeholder’ approach; the company can’t externalise its costs 
onto society or onto the environment in order to generate returns for 
investors because those costs aren’t recorded in the statutory profit and 
loss statement. They will eventually catch up to the company in terms 
of fines or penalties and additional taxes or some other form which will 
impair that longer-term return for investors.

Companies operate within society, so they cannot simply impose 
externalised costs on society. It’s almost the difference between right 
and wrong. Directors must have ‘intellectual honesty’ and understand 
this. If I compare boards today to boards 25 years ago, the period over 
which I have been involved with them, there’s no doubt that previously 
boards were more focused on immediate shareholder return and divi-
dends. Issues like human capital management and environmental and 
mental health are big issues that boards need to ensure that the company 
is taken care of particularly during COVID-19, which has raised many 
issues that weren’t previously coming to attention of the board, with 
mental health a big one with employees working from home. They also 
need to take a broader stakeholder approach in order to discharge their 
duties. Noel Hutley SC has issued an opinion on the role of directors 
and climate change that it’s part of a director’s fiduciary duty to take into 
account climate change risk in company strategy.23 This broader stake-
holder approach is part of that fiduciary duty; and that interpretation, 
I think, has probably changed over the years.

ML: We hear a lot about ‘sustainability’, and you’ve referred to long-term 
business sustainability, which seems to be operationalised through envi-
ronment, social and governance (ESG).24 What is this idea and how is it 
being operationalised?

PB: I look at the term sustainability in terms of how a company makes its 
money and not what it makes as such. I’m working with boards and sen-
ior leadership teams to help them embed a sustainable approach in their 
strategy and how to communicate that internally. Internal communica-
tion to employees is important and something that I think companies 
have been over-looking for the last 20–30 years, as well as externally to 
investors and to the broader society.



Environment, Social and Governance (ESG) 257

The ESG acronym with G referring to the governance is unfortunate 
in that G is placed at the end. Best practice governance requires a board 
having competent directors with a diversity of skills and experience. It’s 
important because a competent board will understand company expo-
sure in terms of environmental and social risks and ensure that these are 
managed well. But with an incompetent board that doesn’t have that 
level of understanding, there’s a risk that exposure to environmental and 
social issues won’t be managed as well. It comes down to an issue of risk 
management and I think that Australian companies are reasonably good 
at reporting on this. I’ve done a lot of work on this in Asia, with Hong 
Kong and Chinese companies, and that concept of incorporating ESG 
into the core of what the company does is still a challenge.

ML: Is it particularly a challenge because in part there are many definitions 
of what we mean by sustainability – let alone ESG – with many systems 
around the world, and corporations who adopt different metrics, defini-
tions and reporting, and no effective regulatory framework?25

PB: Yes, you’re absolutely correct and it is very challenging for listed com-
panies because they may engage with one investor who says you should 
follow this framework and another investor that says we want you to fol-
low another. Fortunately, globally things are changing and quite quickly.

I sit on the board of the International Integrated Reporting Coun-
cil (IIRC)26 that has oversight of the development of the Integrated 
Reporting Framework (IRF), which focuses on six forms of business 
‘capital’: financial, physical, social, human, environmental and intellec-
tual.27, 28 It’s a highly interconnected way to report about ‘value creation’ 
of the firm, but there are many others out there. One is the Sustainable 
Accounting Standards Board (SASB), which is US based and is investor 
focused around ‘materiality’ of non-financial issues. The IIRC say they 
are in discussions with the International Financial Reporting Council 
(IFRC) about merging with them to develop a global Sustainability 
Standards Board29 which would sit alongside the Accounting Standards 
Board.30

Sustainability reporting standards will go through a similar process 
to join with the accounting standards which in Australia are part of the 
Corporations Law, so companies are required to comply and this will 
help standardise disclosure of non-financial issues. From an investor per-
spective, it will provide more consistency and comparability to be able to 
assess risk and opportunities within investee companies.31

ML: There appears to be an active process of building an evolving consensus 
on how to measure, report and assess these broader externalities, whether 
you call it sustainability or ESG, and seemingly on a global scale. But are 
the ‘global’ accounting standards, for example, really global? Isn’t there 
a fundamentally different approach between an American approach to 
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corporate governance and a European approach? Or is that not a fair 
characterisation of the situation?

PB: Well, on accounting standards it is correct that the EU has not adopted 
international financial reporting standards as Australia and most of the 
rest of the world has done. The accounting standards are covered by the 
Financial Accounting Standards Board (FASB), which is US. There’s 
not a huge difference between the two but from a governance perspec-
tive, US governance is quite different; and if you compare it to Australia, 
the standards are significantly lower. For example, in the US a combined 
chair and CEO role is common. What you do have in the US though, 
is a litigious environment that provides a check and balance on govern-
ance, where in Australia it comes down to the fact that investors or 
shareholders can vote directors off a board. For many US companies 
that is not the case, and you only need one vote for a director. You can’t 
vote against a director and you can only withhold your vote. Some com-
panies have adopted a majority vote which is the same as in Australia. It 
is a different system in the UK where governance structures are similar 
to in Australia. In Germany, they have a two-board system, a manage-
ment board and a supervisory board. Again, it’s quite different.

ML: Yes, Australia has followed primarily the UK European approach but we 
will see where it goes in the future. You mentioned diversity on boards 
and presumably having more inclusiveness on corporate boards is one of 
the challenges and metrics around ESG I imagine. What is the experi-
ence of diversity in Australia with women or ethnic groups, and are we 
seeing any moves and changes in that direction?

PB: In Australia, we’ve seen significant movement in gender diversity on 
boards and I’ve been researching this since 2011 when the stats were 
around 13% for the ASX 200 companies. That’s now over 30% and has 
happened without quotas being introduced.32

It is a credit to asset owners and asset management for their engage-
ment with Australian-listed company boards on this issue. Many directors 
have commented that having more women on the board has changed 
the conversation for the better around the board table. That’s the start 
of getting diversity on boards and it’s pleasing to see that. Boards are 
developing different processes to identify future candidates as opposed 
to sitting around the table and asking if anyone has any mates who have 
some free time to join our board. Now they’re going to search firms 
and undertake a proper search as well as introducing the skills matrix,33 
as a reporting requirement, alongside corporate governance principles. 
I think this has helped boards to identify those skills I was talking about 
earlier alongside core industry skills.

We’ve seen many Australian-listed companies fail when trying to 
move into Asia or China. When I go back and ask the question of who 



Environment, Social and Governance (ESG) 259

on the board brings a strong Asian perspective and understanding of 
doing business in Asia or business in China, the answer is no one.34 
They rely on management and so the composition of the board in terms 
of skills, experience, expertise, diversity needs to reflect the underlying 
business and strategy. I do remember a listed retail company many years 
ago had no women on the board. Well, you know who’s the best at 
shopping? Women. They changed and got to the point where I think 
they have all women on the board. The key questions for the board are: 
What’s the underlying business? What’s the underlying strategy? Does 
the board have the appropriate mix of skills, experience and diversity to 
understand it and to provide the necessary oversight of management 
when it comes to delivery?

ML: Pru, where are these trends in corporate governance taking us with 
respect to climate change, the environment and indeed with indig-
enous national heritage bearing in mind the recent controversy over 
the destruction of the Juukan Gorge caves by global mining giant Rio 
Tinto?35, 36 On the one hand, we have a situation where corporations 
seem to be moving quite fast to adjust their processes and investments 
to decarbonise in response to climate change, and on the other hand, we 
have a government that has spoken up on a couple of recent occasions, 
telling corporations to keep their noses out of social matters and to get 
on with their core business.37 What is the tension here?

PB: I do sympathise with company boards at the moment about the lack 
of political leadership on national policy. On the other hand, I look at 
some of the changes that the boards are making, moving into battery 
technology and the investment that’s going into renewables, and they’re 
not waiting for the government. It is very difficult to make an invest-
ment decision without policy certainty. The pressure has come from 
investors around the transition to a lower carbon economy. We’re see-
ing boards taking up that responsibility for what the world is going to 
look like going forward, as opposed to just waiting for legislation to 
materialise.38, 39

Conclusion

A wave of revelations about unethical and even criminal behaviour of large 
corporations, particularly in banking and finance, mining and energy, pharma-
ceuticals, has put into question their accountability, transparency, the respon-
sibilities of their directors, the lack of effectiveness of regulatory systems, 
and has prompted a ‘crisis’ in the basic approaches to corporate governance. 
The pressing issues of new technologies and climate change have heightened 
awareness of these corporate governance challenges.40 Questions are raised 
about the role and responsibility for boards and regulators in creating sustain-
able businesses and ethical cultures.
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Even in the absence of clear political leadership and policy guidance from 
governments on the need to invest in decarbonisation and renewable energy 
to tackle climate change, companies have been moving in those directions in 
response to shareholder activism and institutional investor pressures. More 
generally, corporate governance processes and requirements have been chang-
ing to reflect broader community interests, including from consumers, and 
a broader range of ‘stakeholders’ as against traditional ‘shareholders’, as a 
pre-condition of their ‘social licence’ to operate.

The new governance principles are known collectively as the ESG (Envi-
ronment, Social Governance) approach and are seen as also underpinning 
long-term business sustainability in a profit sense. In the case of ESG standards, 
there is a proliferation of methodology, metrics, reporting and compliance for 
use by investors to assess accountability. In the absence of agreed standards, 
there is scepticism of corporate ‘greenwashing’ albeit with emerging attempts 
to set clear standards and harmonisation on an international basis.

However, in some instances, along the way there has been political ques-
tioning of the legitimacy of the boards and directors of corporations taking 
public positions on ESG-related issues rather than focusing on their directors’ 
fiduciary responsibilities for short-term profitability and returns to sharehold-
ers. Latterly, in some jurisdictions there has been a strong backlash against the 
use of ESG as ethical investment criteria embedded in legislation,41 and as a 
manifestation of ‘woke’ sensibility. 
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Introduction

A leading international bank, Citibank, has issued a report about the sweeping 
and urgent decarbonisation of the world energy and power markets based on 
the rapid fall in incremental costs of going down the low-carbon pathway,1 and 
the fact that the lowest costs now for power generation are found around the 
world in renewables, in wind and solar.2

Meanwhile, Australia has long been mired in the politicised debate on 
climate, energy and water that doesn’t appear to be going anywhere very 
fast.3 Australia is, at the same time, highly vulnerable to climate change 
disruption, while also, arguably, very well positioned to benefit from 
decarbonisation.

Keywords: AEMO; agricultural sector; carbon capture; carbon farming; 
carbon sequestration; carbon tax; carbon trading; climate change; climate 
wars; COP voluntary agreements; cost of capital; economics of renewable 
technologies; decarbonisation; exchange rates; gold plating; green hydrogen; 
green steel; indigenous land management; interest rates; Laudato si; LNG; 
low-carbon economy; quarry economy; renewable energy; SDG 7; SDG 11; 
SDG 12; SDG 13; smart grids; resources boom; soil carbon; solar power; trade 
protectionism; UNFCCC 2016; wind power

Interviewee Profile

Professor Ross Garnaut (RG), AC, is a highly distinguished Australian public 
policy economist who has made substantial contributions to public policy 
over many decades, including the major reforms of the Hawke government 
in the 1980s. Garnaut has been called ‘our nation’s most prophetic econo-
mist’.4 He is a leading thinker on climate and energy policy and the author 
of the seminal 2008 report to the Australian government, the 2008 Garnaut 
Climate Change Review.5 Ross is a Companion of the Order of Australia (AC) 
and is currently Professorial Research Fellow in Economics at the University 
of Melbourne.
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The Interview

ML: Ross, you’ve said that the fog of Australian politics on climate change 
has obscured a fateful reality that Australia has the potential to become 
an economic superpower of the future post-carbon world. You develop 
this theme at length and in detail in your book Superpower: Australia’s 
Low Carbon Opportunity (2022) in which you set out a crisp, compelling 
roadmap for progress on these issues.6 It covers what could be said to be 
a total transformation of the Australian economy. What has prompted 
you to write the book at this time, and what has changed on these issues 
since you authored the landmark 2008 Climate Change Review?

RG: One of the things I do in the book Michael is to go back over what has 
changed in the dozen years since I was commissioned by all the govern-
ments of Australia – state, federal and territory – to do that first report. 
The science hasn’t changed much, although there’s been a lot of good 
science done that’s reduced uncertainty about the outcomes, without 
changing our expectations of the most likely outcomes.

It has focused a bit more on the very large dangers of some of the 
feedback effects that could lead to extreme outcomes. For that reason, 
the science is leading us to focus more heavily on a 1.5 degree limit on 
increases in temperature rather than the 2 degrees that was more com-
mon a dozen years ago, but basically the development of the science has 
reduced uncertainty rather than changing expectations. There’s been 
quite a lot of development on the ethics of climate change and a lot 
more thought given to it.

I discuss at some length these developments, including the very 
important contribution of Pope Francis in his encyclical Laudato Si,7 
which, as I say in the book, is based on first-rate contemporary atmos-
pheric physics and he went to the best people for advice that’s truly 
authoritative.8

There have been changes in the international framework within 
which we’re discussing cooperation on this matter, and I’ve changed 
my mind on these things since a dozen years ago. We were looking at 
a top-down international agreement where we would allocate rights to 
use the atmosphere’s remaining capacity to absorb greenhouse gas with-
out great climate damage.

Now, we’re looking at what I  call ‘concerted unilateral mitigation’ 
or ‘voluntary agreements’ and relying on periodic meetings of senior 
government leaders to apply pressure that will ratchet up the effort over 
time to make sure we get as close as possible to the 1.5 degree objective.

The biggest changes and what’s led to this book are changes in the eco-
nomics; there are two very big ones. One is transformational reduction in 
the cost of renewable energy, wind and solar. A much faster rate of reduc-
tion of costs than I built into my modelling a dozen years ago. I expected 
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falls in costs. For example, I built in expectations of a few percent per annum 
reduction in solar costs but what happened has vastly exceeded that; we 
have 95% reduction in solar generation costs over the first ten years since 
I did the modelling.9 That’s transformed the cost of generating electricity 
that we directly consume already but it is also transforming and decarbon-
ising transport by reducing the costs of electrification of transport. It’s also 
transformed our potential for the decarbonising of industry.

A lot of the use of energy-generating emissions now in industry 
is to provide heat and energy in forms that can be provided by elec-
tricity. Low-cost renewable energy now allows that to be done with 
zero emissions and at the same time it expands the range of industrial 
processes that become economic for Australia. We can look forward 
in a reasonable time frame to hydrogen being cheap enough to be 
competitive with coal. Using hydrogen-based renewable energy for 
reducing iron ore into iron metal, there will be zero emissions of 
primary steel.10

Another big change is better recognition of the opportunity for stor-
ing huge amounts of carbon in the landscape in soil, pastures, wood-
lands and forest plantations. I note in the book that there’s more carbon 
stored in the first couple of metres of the earth’s crust, than there is in 
the whole of the atmosphere and in the biosphere, with all the plants 
and animals on earth.11

If you can increase soil carbon by even a modest proportion, that 
can absorb a huge amount of carbon from the atmosphere. It happens 
that Australia has the lowest cost opportunities for producing renew-
able energy. We’ve got the world’s best combination of solar and wind 
resources with nothing like it elsewhere on earth,12 and that means zero 
net emissions in the zero-carbon world towards which we all agreed to 
head in Paris at the end of 2015.13

In that world, Australia will be the low energy cost country and the 
net-zero exporter by converting our mineral exports and final products 
whose processing involves a lot of energy. It also means that zero net 
emissions, from storing carbon in the landscape, can be a very large part 
of Australia’s economic future.14

ML: What is the nature of the Australian asset base that’s going to give us 
this potentially transformative competitive advantage based on the lower 
costs of renewable energies? You’ve mentioned that we are potentially 
a great energy source for renewables, and you’ve mentioned our land-
scape. Are these the two key elements that can drive our opportunities 
for the future?

RG: Our huge natural resources base gives Australia a natural comparative 
advantage rich in energy-intensive processing but also in carbon-based 
manufactures. All those chemical manufacturers, including all plas-
tics, are currently based on natural gas and oil which generate carbon 
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emissions. They will have to be using low emissions, biomass in which 
we will have great opportunities for relatively low-cost production.

The greater opportunity though is the low cost of renewable energy 
from the world’s best combinations of wind and solar resources.

ML: If we’re going to move down this path, there’s going to have to be some 
big structural transformations. For example, what’s required to happen 
to the electricity system and policies around it to realise and capitalise 
on these renewable generation technologies whose costs are dropping 
so fast?15

RG: We’re going to have cheaper household transport with electrification 
through the 2020s and providing both passenger and freight transport 
from batteries, or hydrogen, would increase total use of power by about 
half in Australia. Converting only one-tenth of our iron ore into metal, 
which will be a natural thing to do in the zero-emissions world economy 
and just one-quarter of our aluminium oxide and ore exports into alu-
minium metal, will require trebling of our transport system and associ-
ated electricity system.

It’s going to look a very different electricity system and we’re not 
going to get such transformational expansion at a reasonable, globally 
competitive cost without a lot of that being through private, unregulated 
initiative. Then the crucial question will be about the terms on which 
that private provision interacts with the currently regulated system.16

ML: A part of that transformation to renewables generated electricity is the 
move towards what some call a ‘Smart Grid’,17 which is better able to 
handle the variable renewable energy loads as compared to the tradi-
tional baseload systems that we’ve had. How is that going to be driven 
from a regulatory and financial point of view?

RG: There are really two questions. One is, how do we make the existing 
grid work more economically and better? That’s the grid that pro-
vides millions of households in Australia with access to power into their 
homes, as well as to small businesses. As for big businesses using a lot of 
power, we will need a lot of flexibility. Many households and small busi-
nesses will become exporters as well as importers of power, requiring 
significant local storage and generation. At last, after being laggard for 
a long time the training system is starting to think about those things 
now led by the Australian Energy Market Operator (AEMO), which is 
looking into changes needed.18

Alongside, there will have to be a lot of high-volume transmission to 
service the big industrial users and this expansion is going to have to be 
mostly undertaken through private unregulated systems. Policy will not 
lead change, but good policy can help the change. Where good policy 
will be needed is in making sure we’ve got rational interaction at the 
points of connection between the regulated and unregulated systems. If 
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we do that right, we can reduce the cost of providing transmission and 
distribution for both the regulated and the unregulated systems.

ML: Won’t a lot of capital be required in this transition, not only for the elec-
tricity industry but in the transformation of transport, and of a whole 
range of minerals and energy processing industries that you’ve men-
tioned? Can Australia generate and access capital on that scale to invest 
in this transformation?19

RG: I expect this will be the least of our problems. We’ve got a reasonably 
sophisticated capital market that can mobilise large quantities of invest-
ment if people perceive two things, an opportunity for profit, and stabil-
ity in the policy environment. We’ve had big investments into growing 
an LNG export capacity,20 at the town of Gladstone, Queensland,21 and 
in a relatively short period of time. We also significantly invested capital 
in the electricity transmission and distribution system when we provided 
private-sector incentives internally to counterproductive incentives that 
increased cost.22

We’ve just been through an immense resources boom where many 
hundreds of billions of dollars went into new resource projects.23 I don’t 
see the capital markets having any difficulty in providing the admittedly 
immense requirements needed for decarbonisation opportunities.

ML: That’s reassuring. These investments need to be able to show good 
returns and fortunately too, we are living at a time of unprecedent-
edly low interest rates that can make them look even more attractive, 
can’t they?

RG: That’s right, and I neglected to mention earlier that one of the factors 
that brought down costs, not just a reduction in the cost of manufactur-
ing the equipment for solar and wind and battery storage, is the cost 
of capital. The new technologies are zero-emissions sources of energy 
which are relatively high in capital costs and low in operating costs, 
whereas the old technologies using fossil energy are relatively high in 
operating costs, the cost of the gas or the cost of the coal itself rather 
than the initial capital cost. Accordingly, the costs of the former fall as 
global interest rates fall.24 The price of capital has had immense effects 
in reducing the cost of the products of the new renewable energy-based 
industry.

ML: When it comes to the economy-wide industrial transformation that 
you’re talking about, Australia has done very well for decades by extract-
ing and shipping out bulk commodities. We’ve not been particularly 
good at adding value to our exports in these commodity areas you’ve 
mentioned. Is your scenario of low-cost, renewable energy available in 
bulk on a world-competitive basis setting out a framework for the pos-
sibility of adding real value to our minerals and energy commodities?
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RG: That’s right. I’m saying that the opportunity is there for Australia to ben-
efit immensely economically from this renewable energy transformation. 
We do have to get away from the prevailing ‘quarry mindset’25 which 
we didn’t always have. When pioneers of Melbourne business developed 
the Broken Hill deposits of lead, zinc and silver back in the late nine-
teenth century, those ores required substantial innovation in processing 
to bring them to market.26 They joined with Australian technical people 
and scientists and introduced the ‘flotation process’ to maintain effi-
ciency and production as mineral ore grades declined.27

One hundred and twenty years ago, Australia was a globally com-
petitive producer of steel for various reasons.28 We lost those capaci-
ties, partly with protection over 100 years,29 because that systematically 
reduced investment in those industries which were potentially globally 
competitive but less profitable than the raw materials.

Protection helped concentrate our investment in raw materials 
because that was inherently more profitable and less damaged by high 
protection. Then the series of minerals booms culminating in the great 
China ‘resources boom’ of the first dozen years of this century,30 made 
mining so profitable that processing and manufacturing was a poor 
cousin. Major companies in related sectors want to put their money 
into mining rather than steel-making or metal manufactures. The real 
exchange rate was pushed up so high by the China resources boom,31 
that it killed a lot of Australian manufacturing that would have sur-
vived with normal exchange rates, including parts of the car industry, for 
example, the Toyota plant.32

We have a bit of intellectual and cultural baggage to get rid of where 
we’ve come to think of ourselves as being a mining country that’s no 
good at advanced manufacturing, but that’s not what we’ve always been, 
and we’ve got the scientific and skill base to do much more than be a 
quarry. We lost our first chance, but we’re being given a second chance.

ML: Low-priced renewable energy is, by its nature, widely geographically dis-
tributed as are Australia’s natural and mineral resources generally, includ-
ing in regional and remote areas. If we can achieve the transformation 
we have been discussing, much can be achieved too for those commu-
nities and economies. We might segue accordingly, from the theme of 
industrial transformation to the agricultural and primary industry sector. 
What opportunities and scenarios do you paint there in the low-carbon 
economy, for example, you speak of opportunities for a new carbon 
farming industry?33

RG: My first report in 200834 had a chapter on opportunities that captured 
carbon in the landscape and in my second report for the multi-party Par-
liamentary Committee on Climate Change chaired by Prime Minister 
Julia Gillard in 2011, I took that a bit further.35
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The ‘carbon farming initiative’ that was subsequently legislated that 
allowed carbon credits from farming to be sold into the emissions trad-
ing scheme grew out of that.36 What’s happened since then is greater 
awareness around the world of the immense opportunity from car-
bon farming and just as we’ve got unparalleled resources in renew-
able energy, which can be the basis of international competitiveness. 
We’ve got far more opportunities for sequestering carbon in soils and 
in plants than any other country; a lot of that country doesn’t com-
pete directly with high-value agriculture and is at relatively low cost 
so we can readily make use of this opportunity.37 Way back in 2011 
I said that carbon farming could become an industry as big as the wool 
industry. In my latest book, I say that is a radical understatement of 
the opportunity.

ML: Well, that is a wonderful statement but what are the research and devel-
opment challenges behind realising carbon sequestration and capture in 
soils and biomass, and are there also related opportunities for land man-
aged by Indigenous Australians?

RG: Yes, in fact it’s a marvellous opportunity for Indigenous Australia. All 
these are great opportunities for rural and provincial Australia. I spent 
some time recently with the leaders of Indigenous Business Australia 
(IBA) who are responsible for over 1,000,000 square kilometres of Aus-
tralia; that’s a landscape of over 100 million hectares.38

It will not be hard in my assessment, to manage that land in differ-
ent ways. Sometimes in ways that are closer to indigenous management 
practices before white settlement. It would not be hard, for example, to 
do so in ways that we’re adding a tonne or more carbon per hectare per 
annum. At the current price of carbon in the carbon-trading system in 
Europe, for example, if we were able to sell into that market just on that 
Aboriginal-managed land, you’d be talking about carbon credits of over 
$4 billion a year, so it’s worth putting in a bit of effort into the research, 
development and knowledge to win a prize as big as that.

ML: The many and diverse low-carbon opportunities may need to be 
unlocked and supported by policy changes. For example, trying to win 
a share of carbon credit trading around the world must involve us in 
having to participate in international agreements on carbon pricing, and 
there must be many domestic reforms needed. What are the political 
prospects for driving the reforms that might be needed to realise the 
wonderful opportunities that you have detailed?39

RG: One point I make is that the opportunity is so large that we can make 
a good start without breaching the constraints that are placed by elec-
toral commitments of the current Australian government, at least in this 
electoral term. For carbon farming, the biggest requirement is more 
investment in knowledge and research on the best ways of doing things, 
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and especially research on low-cost ways of measuring carbon in the 
landscape, and the opportunity that comes from modern remote sensing 
to do that using satellite technology which also requires research and 
development.40

On the immense opportunity in industrial development, I make sug-
gestions in the book, but none of them require us in the next few years 
to go outside the boundaries of current explicit political commitments. 
In the longer term, we will need to do more in the way of policy, but 
that will be in a political environment that’s been transformed by early 
success.

Conclusion

The global imperative of decarbonisation has seen the rapid development 
of sustainable green technologies particularly in relation to replacing fossil 
fuel carbon-emitting energy sources with renewable energy sources primarily 
solar and wind power, in many consuming sectors of the economy, such as 
households and transport. Their adoption offers the opportunity to transform 
economies and industrial structures both as a sustainable energy source and 
as a green feedstock replacing hydrocarbons with green hydrogen for a range 
of industrial processes such as steel, aluminium and fertilisers. The agriculture 
and land management sectors have additional significant opportunities for 
global-scale carbon storage.

Australia is a case in point. Long reliant on traditional fossil fuel minerals 
and energy commodity exports to underpin its economic wealth it is now 
positioned to become a global renewable energy ‘superpower’. Few countries 
are as well positioned with renewable energy assets of sun and wind which 
when combined with the country’s globally significant minerals resources 
such as coal and iron ore could transform the industrial sector to domestic 
value-added processing and export of traditional commodities in the form of 
green steel, aluminium or fertilisers.

Industry, alongside finance and investment, is increasingly attracted by 
the rapidly falling costs of renewable energy technology and abetted by 
attractive cost of capital, thanks to prevailing low interest rates. The role of 
government is also proving of central importance in the transition to zero 
emissions. Many aspects of green technology, for example, in hydrogen and 
in carbon capture, require further substantial investments in R & D, includ-
ing by governments. Australian experience with adoption and diffusion is 
clearly lagging behind the world due to the absence of necessary regulatory 
policies, incentives and investments in areas such as EV take-up and elec-
trification grid infrastructure. As international climate agreements move to 
progressive ratcheting up to meet 1.5 degrees, there is hope that the long 
prevailing ‘fog of Australian politics’ on climate change issues will shift to 
support industrial and economic transformation into a decarbonised renew-
able energy ‘superpower’. 
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Introduction

Digital technology has disrupted Australian media and journalism and been 
accompanied by misinformation and disinformation on social media. In par-
ticular, this has precipitated the decline in public interest journalism1 and has 
created a problem for the sustainability of our democracy.
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Interviewee Profile

Professor Allan Fels (AF), AO, of Melbourne, Monash and Oxford uni-
versities is Australia’s leading consumer crusader. Most prominently, and 
visibly, he was the first chairman of the Australian Competition and Con-
sumer Commission (ACCC) from its inception in 1995; from 1991 he 
was Chair of the Trade Practices Commission that was subsumed under 
the newly formed ACCC, until he stepped down in 2003, some 14 years 
in all. He has been a regular feature on television screens over the years. 
His autobiography, Tough Customer: Chasing Better Deals for the Battlers, 
sums up what he’s been doing throughout his eminent career.2 He has 
chaired numerous public inquiries and as Dean of the Australia and New 
Zealand School of Government, and has trained top-level public servants 
for many years. Allan was recently appointed chair of the not-for-profit the 
Public Interest Journalism Initiative (PIJI),3 in the face of a marked decline 
in public interest journalism. Allan is an eminent economist, lawyer, public 
servant and latterly academic.
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The Interview

ML: What is public interest journalism and why is it important to us now?4, 5

AF: By that, we’re referring to any journalism on any form of media outlet 
whether newspapers, television or radio that concerns public matters. 
We put in ‘public’ to make it clear we’re not particularly focusing on 
journalism about cooking or lifestyles, or that sort of thing, but about 
public matters in the broadest sense. If we’re talking locally, it would 
include coverage of local matters, council matters, concerns of the local 
community, court matters and so on. And of course, nationally it would 
encompass all areas of similar journalism, including debates and discus-
sions of a political kind.

ML: In what way is this role affected by the digital disruption of Australian 
mainstream and traditional media outlets across TV, radio and newspa-
pers? We are familiar with the huge impacts on the traditional media busi-
ness models, including the shedding of a huge number of journalists.6 
Even the other day, for example, we’ve seen the Australian Associated 
Press, that august instrument of news collection in the public interest, 
having to close down.7, 8 What is the connection between this digital 
disruption driven by the emergence of new media platforms, and the 
threats and renewed interest it has created in public interest journalism?

AF: Whilst acknowledging that the digital platforms and technology bring 
advantages to the media and to reporting, our concern is that it basi-
cally destroyed the old model upon which public interest journalism 
was based. The old model, in simple terms, was that taking newspa-
pers; above all, they were funded partly by how much people paid for 
the cover price to get the paper, and partly but heavily by advertising 
revenue.

Now, the advertising revenue side has effectively collapsed because 
advertising has shifted over to digital forms, away from newspaper and 
other traditional media forms.9 In the past and up till now, the rev-
enue from advertising has in effect cross-subsidised ‘quality’ journalism, 
which may be a great ‘public good’. But as a commercial property, it 
struggles to make a living, to earn enough content revenue to pay for 
itself.

It is now threatened by the loss of the advertising revenue and that 
is obvious from a couple of things you mentioned. The recent collapse 
of AAP, the poor profits of news media and TV, and the large num-
ber of closures of papers, for example, particularly in rural and regional 
areas, and among some suburban metropolitan papers, and in reducing 
the size of major news outlets. That has all led, as you mentioned, to 
a big decline in the number of journalists in Australia. It’s been a dra-
matic fall in the last ten years and that has a bad effect on the quality of 
journalism.10
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ML: While that traditional business model based on advertising has been 
substantially undermined, at the same time we’ve seen the emergence 
of new players in the media space in the form of digital platforms; par-
ticularly platforms like Facebook, which have taken over a lot of the 
advertising revenues, and the emergence of a whole new strand of news 
services through social media that have seen the emergence of these 
new, often international players onto our media scene.

AF: Yes, they do bring some additional good features though they do not 
generally support investigative journalists and in-depth reporting. They 
also tend not to have good ‘intermediation’ between information com-
ing in and information being published. In the traditional press when 
information comes in, it’s gathered fairly systematically, it’s reviewed and 
assessed properly, and then it’s published. Whereas, on social media, all 
sorts of fake news get through the system, and in general there’s not 
an assessment over what is published and its effect. If you want reliable 
news, you’re more likely to get it from established media sources.

ML: Have the old models of fact checking and editing been replaced by a 
move to attract eyeballs through what’s called ‘clickbait’, which may be 
entertaining but perhaps may not ultimately convey substantial news 
stories, but does attract eyeballs and therefore advertising away from 
traditional media? As well as impacting on media organisations these 
developments have been surfacing as matters of public policy concern, 
including the establishment of a parliamentary Senate inquiry.11 Where 
did the inquiry end up?12

AF: It set out the problems but it didn’t really come up with solutions. By 
the way, I  should also have mentioned that the media does a lot of 
detailed ‘grubbing away’ to find out things that you don’t get on the 
Internet.

As I mentioned earlier, local reporters going to courts to listen for a 
few days to what’s going on in a case, or attending local council meetings 
to report about matters of community concern. As far as your question 
about government action is concerned, we had the Senate inquiry and 
that subsequently led to the ACCC being asked to conduct an inquiry 
into the digital platforms,13 with a particular emphasis on journalism.

The ACCC report has a large part devoted to the impact on the 
media,14 and it concluded there is a serious problem; namely, that public 
interest journalism is a ‘public good’, to use economics jargon; it brings 
benefit to the public but the market itself is not funded adequately. There 
is therefore an emerging gap in the availability of good public interest 
journalism and the ACCC said something should be done about it.

ML: Is public interest journalism primarily about investigative, worthy report-
ing or is there a broader range of other stories that serve the broader 
public interest?
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AF: Public interest journalism does go pretty wide, but it is worth mention-
ing that those core bits of public journalism have yielded large benefits 
to the public. For example, I think the Royal Commission on Banking 
would not have happened, but for investigative journalism from people 
like Adele Ferguson,15 the Aged Care Royal Commission wouldn’t have 
occurred,16 the Institutional Abuse, the Family Violence, etc. All of that 
has been largely triggered by good investigative journalism,17, 18 but that 
doesn’t mean that it pays for itself.

ML: The ACCC reports into digital platforms are a landmark,19 I  under-
stand, by world standards in terms of the breadth of analysis and includ-
ing looking as we’re discussing, at questions of public interest journalism 
as well as the public interest role and responsibility of these emerging 
platforms. What specific recommendations have been made? Did they 
suggest financial assistance? Did they suggest taxation measures on these 
platforms? And where’s the government decision-making in response to 
these things?

AF: There’s some action on regional and rural, and metropolitan newspa-
pers. The ACCC saw a problem everywhere, but the ACCC focused 
quite heavily on the short term, ‘learning platform’ that we have with 
rural and regional press, and with those suburban newspapers. They are 
closing down at an enormous rate.

There’s also the AAP closure. AAP is not a newspaper but it’s got 
huge numbers of reporters collecting information and then selling it 
thereby making it available to all the news media. If you’re not familiar 
with the media, you get the impression that when stories break they’re 
covered by the major papers. They are, to a point, but far more than 
that the AAP is always there. It covers a huge number of things and is a 
feeder service to newspapers big and small all around the country, so its 
loss is a big loss to everyone, but especially to smaller newspapers that 
rely on it.

ML: I understand that AAP is a private, commercially funded operation, not 
a government agency.

AF: That’s right. It was essentially funded by News Corporation and now 9 
Fairfax. They found that it was operating at a fairly big loss and they’ve 
cut it back. There is a slight possibility that it will survive, but at the 
moment it should have closed on 30 June. There has been some action 
by the government in recognition of rural problems with Paul Fletcher, 
the Minister for Communications and Arts announcing several pretty 
big measures. One of them was a $50 million fund for public interest 
newsgathering to support public interest journalism in rural and regional 
areas,20, 21 and possibly, but I’m not so sure about this, into suburban 
newspapers. He also extended a financial lifeline to AAP as it endeavours 
to build a new sustainable business model.22 That is a recognition of the 
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problem. It probably needs more funding than that, but at least it is a 
recognition that there’s a terrible problem at the moment.

Of course, the government is hearing all the time from members of 
parliament in rural and regional areas about the near collapse of regional 
and rural journalism made worse by the coronavirus. The virus has led 
to a collapse of advertising revenue for all forms of media, from the 
collapse in travel and tourism advertising, real estate advertising, restau-
rants, entertainment, hospitality and so on, and the general economic 
decline.

The long-term problems caused by this digital disruption event were 
sharply accelerated by the recent COVID-19 crisis, and the government 
funding is as much in response to the virus as it is to the digital disrup-
tion.23 They’ve also given other forms of relief, for example, some license 
fees for commercial TV and radio broadcasters have been removed for 
a year. There’s also so-called ‘red tape’ relief and some recognition of the 
problems of having Australian content in the media. Some short-term 
relief there, but not a change in policy.

Short-term measures have been taken even if it is acknowledged that 
more needs to be done. I think to stop the collapse totally; the govern-
ment should commit to spending more money overtime than it already 
is doing on public advertising. As a short-term measure, perhaps, sub-
scriptions to newspapers could be made tax deductible; and some other 
short-term things to just keep the show alive.

ML: What about the bigger, longer-term picture given in the ACCC report 
about these digital platforms and their role and responsibility; and what 
sort of measures, if any, were being recommended more broadly and in 
the longer term to the government?

AF: That’s also an important question. The government has said there’s 
going to be a code of conduct, regulating the relationship between peo-
ple like Google and Facebook, and the major media such as News Corp, 
Seven, 10 or 9-Fairfax.

The complaint by the big traditional newspapers is that their con-
tent is partly lifted by Google and Facebook onto their platforms with-
out payment or without adequate payment, so they complain that their 
material is being misused under the fair copying laws that entitled them 
to make some use of that information often just at headline level.

The platforms’ response is that it’s actually helpful for newspapers 
that their material appears on their platforms but on the whole, the 
ACCC tended to be more on the side of the newspapers, and it recom-
mended, and the government has accepted, that there should be a code 
of conduct negotiated between them all.

The code of conduct I think would, above all, aim for what might 
be regarded as delivering a fairer payment by the platforms for the use 
of material from newspapers. That seems to be what’s going on, and 
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we’ll have to see what emerges from the negotiations over the Code of 
Conduct, but essentially the government has the final power to impose 
a code of conduct if the parties can’t sort it out themselves.24, 25, 26

AF: That’s the big development but there are no recommendations or sug-
gestions anywhere in the system for a longer-term sustainable business 
model for public interest journalism, for example, perhaps to tax digital 
platforms or provide tax concessions and deductions to those providing 
public interest journalism,27 or any fiscal measures like that.

With our own Public Interest Journalism Initiative (PIJI), we have 
made a number of proposals that include some kind of funding, I’ll call 
it research and development type funding, to support media that take 
on additional journalists. We also support making it tax deductible if 
you subscribe to newspapers. We support several other measures but 
in respect of their funding we’ve not got involved in the question of 
whether there should be a tax on the digital platforms; that is firmly on 
the government and on global agendas as it should be.

ML: These issues link perhaps to what have been broader and always dif-
ficult questions of public policy in Australia in regard to competition 
or otherwise in our mainstream media, including concerns about the 
concentration of media ownership28 and the media laws.29, 30 Haven’t the 
mainstream media been lobbying recently for less regulatory restraints 
upon them on the grounds that existing media laws limit them from 
effectively competing with and responding to the digital platforms? 
Where does that line of lobbying stand and if responded to, how might 
that improve the position of public interest journalism?

AF: That’s a serious question and you may well be right in the flavour of 
what you’re hinting at. Many years ago, governments introduced two 
policies. First, the ACCC is there to prevent mergers and takeovers that 
are anticompetitive within particular industries. If, say, in newspapers, 
Fairfax and News wanted to merge that would probably be disallowed 
for sure. Same with television providers. But the ACCC legislation 
doesn’t cover cross-media mergers, say between TV and newspapers. 
They can occur under the Competition Act. The government was con-
cerned about the possibility of TV–newspaper mergers leading to a very 
concentrated market situation, so they brought in rules, basically stop-
ping cross-media mergers.31

In recent times, the desirability of that legislation in the new digital 
technology situation came under question so under the Turnbull gov-
ernment, those cross-media restrictions were relaxed quite a lot, but not 
fully. The question now is whether they should go a step further and 
totally remove cross-media ownership restrictions. There is a geographic 
basis to the current restrictions. In some densely populated areas, merg-
ers are not wanted; but in less populated, rural and regional areas, 
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particularly those already facing decline in media accessibility, there is a 
case for permitting mergers and for further relaxation of the rules. Some 
of the important players in the industry are pressing for that and we’ll 
have to wait and see what the policy outcome is.

ML: We’ve been discussing the threats to public interest journalism that we 
face as a result of a digital disruption, and you have mentioned a range 
of possible responses as we try to feel our way towards a society and a set 
up where we get a sustainable business model for public interest jour-
nalism. In closing, I wonder if we might consider whether the challenge 
to public interest journalism is of interest to the public as readers and 
consumers of media. If we produce this worthy investigative, account-
ability reporting under the name of quality journalism, will people want 
to read it and pay for it? Will they read it or will it end up being treated 
as some form of almost propaganda?

AF: Well, there are tricky policy dilemmas involved. To expand your point 
further, we are worried if the kind of funding that emerges is politi-
cally biased. We regard it as a key requirement that, however, it’s done, 
the support be such that there is true independence with recipients and 
there’s not bias in the allocation of money. Will the public read it? My 
belief is that the public will read it but in the present era, they’re not 
willing to fully pay commercially to fund it. As I have said, the old rev-
enue model of cross-subsidy from advertising is dying. People still read 
the stuff, but it doesn’t pay newspapers to produce it as much. If I was 
telling you that story in relation to any normal good or service, that’s 
the end of the story. The public is not willing to pay, but we regard 
public interest journalism as having a higher value, not fully captured by 
market forces.

It’s long been recognised in economics that information is a rather 
tricky good because it can be reproduced at no cost, providing you can 
get around copyright laws and that sort of thing, and that therefore 
the market may not be able to capture the value that’s embodied in the 
product, because it can be so easily copied.

ML: That’s what’s called a ‘positive externality’ that isn’t captured by markets 
in market prices, and you do need perhaps various forms in the public 
interest to promote public interest journalism that would otherwise be 
underfunded and under provided.

Conclusion

In a democracy, open and informed public discussion and policy depend upon 
a free press able to pursue public interest journalism, including in regard to 
climate change and sustainability issues. The experience in Australia with 
respect to discussion of climate change has highlighted its importance and 
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the challenges to its maintenance in the face of lack of media competition 
and ownership concentration, which was latterly exacerbated by the disrup-
tive impact of digital technologies upon the mainstream media. The latter 
has essentially broken the traditional media’s business model that relied upon 
cross-subsidy of the public interest and news content from the advertising rev-
enues displaced by digital media platforms that are more cost-effectively able 
to target commercial audience segments, often in pursuit of clickbait. Social 
media has further undermined mainstream media while also giving freer rein 
to disinformation, misinformation and fake news.

As a result, thousands of journalists have been stood down from tradi-
tional media, particularly newspapers, and many print editions particularly in 
rural and remote areas have had to close down, resulting in an absence of 
local, community and public interest news coverage. Standards of journal-
ism have also been compromised by pressures on editorial and fact check-
ing resources. At the same time, media concentration, including loosening 
of cross-media ownership, has resulted in reduced competition, lessening of 
public interest journalism in favour of infotainment, and the readier media 
accessibility of powerful, well-financed and connected vested interests vis-à-vis 
the community.32

This contributed over time to the paralysis in public climate change policy 
in Australia that not even the presence of a national public radio and TV 
broadcaster was able to overcome.33, 34 Ironically, the COVID-19 pandemic 
has both highlighted the importance while further weakening public inter-
est journalism.35 While issues of media competition policy are still not fully 
resolved, the Australian government has been taking steps to promote public 
interest journalism; based in part on the work of the competition policy regu-
lator ACCC, including agreement between digital platforms and traditional 
news media on payments from the former in recognition of their use of news 
content on their platforms.
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Introduction

Public acceptance and confidence in science loom as a significant issue in Aus-
tralia, not least because of the responses and acceptance of COVID-19 pan-
demic issues and the restrictions imposed on our society.1 Before that, we had 
the issues of climate change which raised many questions about public con-
fidence, trust and understanding of science, and in communicating science.2 
These issues also loom large in the United States of America from where we 
might glean some understanding and lessons about public understanding of 
science.3
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The Interview

ML: Aaron, late last year, you held a one-off event on the future of science,4  
and more recently you hosted a substantial global connection and 
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hook-up on communicating science.5 Why was it a good time to be 
looking at the future of science?

AaM: Over the past several years, especially in the United States, many aspects 
of science have become very politicised and seen in ideological terms.6 
Science, in my view, has always been political, especially in the United 
States because it’s largely funded by our government.7 When it starts 
to be seen as a tool for just one part of our country, I think that’s what 
we were responding to. I’m having these broader conversations about 
what role science should serve for our population, both in the United 
States and more globally.8

ML: What have been the trends in polling about society’s understanding, 
acceptance and confidence in science?

AaM: It’s been fairly consistent over the past few decades based on various 
polls that we’ve examined, and it hovers around 47%, so I would not 
say that’s particularly high. That means we have about half of our pop-
ulation that is distrustful of the scientific process and its products.9

ML: What does the polling tell us about the demographics of public confi-
dence and acceptance in science?

AbM: There’s a clear ‘diploma divide’, which is that folks with a college degree 
and higher levels of education show greater trust in science; and folks 
without a college degree show lesser trust in science, which is not sur-
prising.10 But I think there’s something deeper going on here. It’s not 
just that they have trust in science, they just have a lack of trust in insti-
tutions and I think science is just a case in point. I would say, generally, 
that the demographics are clearly along the ‘diploma divide’ here in the 
United States.11

ML: Is political partisanship an indicator of levels of acceptance of science?

AbM: There again I see significant differences between Democrats and Repub-
licans in the broad trust indicators. For example, a regular poll shows 
Democrats consistently trusting the science behind climate change at 
30 points above Republicans, so there’s clearly a huge overall partisan 
divide there.12

As a rejoinder to that statement, I would say that it’s unclear how 
significant this partisan divide is because the leadership in particular par-
ties are pro-science and anti-science, as against people overall being pro 
or con science. We saw this in the mask-wearing debate. Because leaders 
did not buy into the science behind masking and were peddling pseudo-
scientific medicinal theories,13 a lot of people who followed a particular 
party or that particular leader adopted unscientific beliefs. It is unfair and 
probably not appropriate to dub Republicans as anti-science and Demo-
crats as pro-science, but there’s definitely a clear divide between the two.
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ML: So leadership is a factor in the partisan and political dimension, in 
that political leaders have a big influence. Do we draw the conclu-
sion that people’s attitudes towards science depend upon party political 
positioning?

AbM: Yes, absolutely.

ML: That puts a lot of responsibility on political leaders, doesn’t it, to under-
stand and communicate science?14

AaM: Yes, and not just communicating science from the perspective of an 
ideology but also communicating the method and process of doing sci-
ence, its nuances. Dr. Anthony Fauci, Director of the NIH, is an exam-
ple of someone who has truly tried to communicate the nuances of 
science in the pandemic, which I think is a great example of a scientific 
leader,15 as opposed to going out there and saying ‘I’m pro-science’ or 
‘anti-science’. That doesn’t really help the cause.

The role of leaders is to communicate the assumptions and the style 
of doing science that most people don’t think about in their day-to-day 
lives. Early in the pandemic, the guidelines according to the science 
at hand were that masking was not necessary because at the time we 
did not know about asymptomatic transmission of COVID-19. Then, 
as we got more data and learned that there could be many carriers of 
COVID-19 who are transmitting the disease without a mask, then the 
new guideline was to wear a mask whether or not you’re symptomatic 
and whether or not you’re sick.

A lot of people interpreted that as bad ‘flip-flopping’ science when 
the messaging needed to be that this was actually science doing its 
job in responding to the data at hand, and revising the conclusions 
based on the new information that came in. I think it was on the lead-
ership to say it’s not that science is wrong or inconsistent, but that 
science is always reactive and evolving based on evidence. It’s a con-
tinuous process, and I think that’s where leadership needs to step up 
and communicate.16

ML: This highlights the question about the understanding among the pub-
lic, and in the community, about the nature of scientific method and 
the related questions of uncertainty, knowledge and truth within the 
scientific method. I  believe the polls generally show that those who 
have more knowledge of science, and the scientific method, tend to 
be more accepting and confident in science; whereas those who don’t 
understand or know science, and its method, are less accepting.17 Is 
that correct?

AaM: Absolutely, and what we’ve seen from research in psychology and 
sociology, is that understanding the process of science is actually the 
best way for people to be able to change their minds about long-held 
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beliefs, even when they’re in conflict with their personal, religious or 
family ideology.18 It’s not about bombarding them with new facts, data 
and statistics, but actually conveying to them the process of science.19

ML: Where do the responsibilities lie to get higher levels of understanding 
of the scientific method among political leaders and the general public?

AbM: It’s important that scientists themselves recognise how we commu-
nicate science.20 Often we scientists, especially when talking to the 
public at large, talk about science as ‘the truth’, whereas it is actually 
just a way of looking at the world and an ever evolving sort of toolkit 
through which we parse the world. That is the nuance that often gets 
missed when scientists talk in public. That pivot in communication is 
very urgently needed if we are to get people not just to be scientifi-
cally knowledgeable in terms of knowing a bunch of facts but also to 
think scientifically and to be able to deal with scientific uncertainty in a 
meaningful way.21

ML: Do scientists themselves have a significant responsibility for communi-
cating the nature of science and the scientific method more generally?22

AbM: Absolutely, yes. It is important that scientists communicate the fas-
cinating discoveries that we make and the facts of science. But it is 
even more important to communicate the method of science and the 
uncertainties around generating and developing scientific informa-
tion. I think this eventually goes towards building trust in science, by 
acknowledging that scientific knowledge comes with a lot of uncer-
tainty and that there’s a systematic way of dealing with it. Uncertainty 
is a very important part of building that trust, which otherwise is not 
going to be built if we just go to the public and say here is a bunch of 
facts, here’s the truth, accept that.

AaM: I agree and want to add that I think it’s the duty of scientists to play 
that public role. As I mentioned earlier, science in the United States is 
largely federally funded by taxpayers’ money. So I think there should be 
a public component to their work but they also need training on how 
to do that. It’s something that is largely absent from the scientific train-
ing that we receive as graduate or postdocs:23 how to boil our message 
down into an understandable format that’s relevant to people’s lives; 
how to convey the uncertainty and the scientific method that Abhilash 
just mentioned. So before scientists go out and do that work, they need 
to learn how to do so properly.

ML: Perhaps scientists are not skilled in communication because their main 
emphasis is on doing research and on communicating with their peers 
for peer review, evaluation and knowledge building, rather than speak-
ing to a broader audience. This involves not only skills but a question 
about their access to resources to do that and their ability to get their 
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messages out, even assuming that they’re able to communicate in a 
good form. In these days of controversial media and social media issues 
these are highly contested domains in which to be trying to operate, 
aren’t they?

AaM: It is and you raise a very important point that at least in the United 
States there are not a lot of incentives for scientists to do this kind of 
work. As you mentioned, there are so many other constraints on doing 
their research, writing articles that have to be peer reviewed, contribut-
ing to their writing to the community, and the incentives from univer-
sities are not there for them to go out and do this public engagement.24 
Towards that end we recently made a public proposal.

AbM: Aaron and I recently wrote an op-ed for Science magazine which called 
for the creation of an American Science Corps (ASC),25 which would 
be a fully funded federal programme that would place early career sci-
entists in communities that are traditionally not scientifically engaged. 
So think about rural communities and underserved communities which 
might not have access to scientific expertise. The proposal was to take 
early career scientific talent and place them in these communities so that 
they can pursue two big goals. One is to build public trust in science; 
and the second is to train communities that might not have access to a 
college education in skills that are relevant for the twenty-first-century 
innovation economy.

ML: We’ve been hearing in recent times out of India about the issues con-
fronting the transformation of agriculture and the huge protests from 
the farming communities’ right around the country against those 
reforms.26 To what extent, if any, would you see the sort of points 
you’re making as relevant to that sort of debate?

AbM: Part of the challenge in the Indian context was the lack of participa-
tion of communities in policymaking. A lot of conversation globally is 
about ‘evidence-based’ policymaking, which is the idea that policies, 
whether economic, social or scientific, should be driven by evidence 
which makes intuitive sense among scientists.27

What we sometimes forget about is who gets to have a say and who 
gets to participate in the evidence building itself. I think what we saw 
in India was a fracture in trust in terms of who is making the policies 
and who it was affecting.

The goal of the American Science Corps is to better foresee those 
kinds of fractures if we do not involve communities in the process 
of policymaking. But we need structures to enable that and one of 
the ways to do that would be through this American Science Corps. 
It’s interesting that you bring up agriculture, because the ASC pro-
posal is based on the US Agricultural Extension Service,28 which was a 
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policy innovation in the early part of the twentieth century. It brought 
together academics at land-grant universities and farmers creating this 
network between the two, which led to a highly cooperative way of 
doing research and innovation.29 We need a similarly new institutional 
structure like the ASC which goes back to these cooperative roots in 
the way of doing science and technology together for the larger pub-
lic good.

ML: Abhilash, this raises the question of power in science policy 
decision-making because in that context, as distinct from research, 
what we see is the involvement of many vested interests.

I’m thinking particularly of the climate change debate and before 
that, of course, we had the tobacco debate – where public perception 
of science and scientific evidence was thrown into huge doubt by big 
money campaigns from vested interests.30 Where does this fit into your 
picture of how we can build better public acceptance and understand-
ing of science?

AbM: What you’re describing is a much deeper challenge of who gets to 
shape the conversation about science. Obviously, there are challenges 
around who funds scientific research and information campaigns and 
whether they might be biased by commercial interests. That is why 
I think an agency or a mechanism by which you have a truly democratic 
process of communicating science, which is not driven by commercial 
or partisan interest but is there just for the public good, is essential. 
That was the big animating vision behind why we need something like 
an American Science Corps.

AaM: We hope that initiatives like the ASC and work being done by others in 
the field of ‘civic science’31 will help diversify the pipeline of individuals 
going into science policy and research, and also into those big invested 
stakeholders who can have a big influence across different sectors. In 
that way, we’re hoping that in the future we’ll see more voices at the 
table that have been absent from previous discussions about the role 
that science should play in our society.

ML: Abhilash, you mentioned in the context of agriculture, the importance 
of the extension-type service ideas that were around in the public inter-
est in earlier decades of the last century. Australia pioneered and had 
strong agricultural extension networks that drove huge increases in 
productivity off the back of public research. However, we don’t have 
that system of public extension anymore.32

What we do have is a privatised model where the big agricultural 
conglomerates and their agents, whether it’s in machinery, seeds, 
chemicals or fertilisers, are the people now disseminating and purvey-
ing extension and advice about science in agriculture.
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AbM: Yes, a similar trend has been observed here in the US and actually, 
my understanding of the Agricultural Extension Service came from my 
work in global development. Many Americans don’t know about the 
Agricultural Extension Service primarily because agriculture has become 
an enterprise with a smaller number of people involved. The Extension 
Service which was a prominent part of the land-grant universities has 
been replaced by other research priorities at those universities.33

What has been lost in the process, however, is the central ethos of 
taking the university to the people, which was the core vision of the 
extension programme. The goal of the federal government in estab-
lishing these universities, through land grants, was that these univer-
sities in return would provide public goods through their extension 
programmes. We need similar approaches now for the science that is 
being developed at these universities to provide public goods to the 
community in cooperation with the community. That again requires 
appropriate institutional structures, and it’s probably time to revive 
some of those older structures that existed and were hugely successful 
in the past century.

ML: How do we confront issues that have again arisen strongly in the 
COVID-19 context but which we also saw surfacing strongly in the 
climate context, of large bodies of public opinion, that could be char-
acterised as ‘deniers’. These people seem to have a complete set against 
science, with perhaps different views of the world, whether they’re 
moral, ethical or political. We’re seeing it here in Australia and around 
the world not so much as ‘anti-vaxxer’ denialism itself, but in the form 
of ‘vaccine hesitancy’.34 In respect of these deeply in-bred, almost pseu-
doscientific, anti-scientific bodies of thought in the community, what 
are the appropriate responses to these positions and from whom?35

AaM: It’s very important to try and this is a really good point. There are two 
ways to approach it. When it’s something so egregious and imminently 
of harm to others, we need to try to shut it down immediately. But it’s 
different when people are coming from their own belief system and are 
genuinely concerned about their families’ health and well-being.

When we talk about ‘anti-vaxxers’, there are a lot of parents who 
want the best for their children. The best approach is to listen to where 
they are, meet them where they are, and then talk about the issues 
through stories and through emotion.36 These are the ways that people 
can really connect with something that is generally very abstract when 
it’s rooted in data and statistics, and biology and physics, and so on.

AbM: In the past two decades, we have had a lot of optimism and enthusiasm 
about access to information, and access to scientific information is very 
easy today. But we need to distinguish between the fact that access to 
information does not ensure trust in information. Trust fundamentally 
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relies on interpersonal connections. It involves face-to-face communi-
cation. The dynamics of building trust is fundamentally different to sim-
ply accessing a website where you might get a bunch of information.37

So it’s also important for us to recognise that often – when we talk 
about scientific distrust – we are puzzled by the fact that while there’s 
so much information out there saying that vaccines work, why don’t 
people believe it? We are baffled because we do not pay attention to the 
trust mechanisms that are essential to believe in this information which 
is a whole different game than merely accessing information.38

ML: Artificial intelligence (AI) and data raise important issues and questions 
of ethics and morality, ranging from surveillance through personal data 
and control. What’s the role for public policy, in regulating and getting 
the messages out about these AI ethical domains?

AbM: We are just starting to see what happens when the public does not trust 
data as we have seen, for example, in the case of information around 
COVID-19. This kind of distrust is going to accelerate when we start 
using data to recruit people and to test who needs to be admitted to a 
hospital.

There’s already a lot of evidence that the way in which artificial intel-
ligence systems are built today are extremely biased, and that bias is 
automatically going to lead to distrust in these tools in the first place.39 
If we truly want to achieve the potential of AI in the next two decades, 
it is absolutely imperative that we build trust in these tools. A tool is 
not useful if people don’t use it and people are going to use it only if 
they trust it, and the way in which people will want to trust it is by mak-
ing sure that these tools are unbiased and not unfairly treating people.

For that, we need public policy and a mechanism by which AI tools 
that are deployed in the market are using data and ethical ways and 
making sure that they are heterogeneous enough in their training data-
sets so that they can be fair and unbiased. A step in the direction you 
raised is coming up with a policy to regulate AI algorithms. I believe 
a controversial memo about such was leaked yesterday.40 Public policy 
has a huge role to play in making sure that people trust AI, because 
unless and until people trust AI these tools are going to be useless.41

ML: Data and information isn’t necessarily knowledge. What is the role of 
journalists and the media in communicating science?42

AaM: Journalism has a very important role in providing rapid, on the fly, 
information to the public while acknowledging that this information 
might be in flux. We see this with COVID-19 where there are poten-
tial treatments or possible interventions, and then just yesterday in the 
United States, the Johnson and Johnson vaccine was put on hold.43 
Conveying to people thoughtfully and carefully the thought and regu-
latory processes that go into those decisions is extremely important.
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The main point I want to make is that science is not a complete 
endeavour that’s all wrapped up and tied with a bow. It’s an ongo-
ing endeavour, a pursuit of new knowledge and then applying that 
knowledge towards the public good. It evolves and it changes and 
it’s really important for journalism to convey those changes thought-
fully and to talk about uncertainty in a way that the reader can 
understand.44

ML: Gentlemen, you’ve used the phrase ‘standing up to power’ during your 
global congress on communicating science. When it comes to build-
ing public acceptance, confidence and understanding of science – what 
does that mean? Who’s got to stand up to power and how?

AaM: All of us need to ‘stand up to power’ and have the confidence and 
courage to call out entities and activities that are not consistent with 
our values and with science. The conference that you were referencing 
took place about a month ago. We drew together a wonderful net-
work of about 100 science communicators and advocates from over 50 
countries.45

Our keynote speech was given by Mariette DiChristina, who’s the 
former editor in chief of the magazine Scientific American.46 She was 
in conversation with Ricardo Galvão, who is a Brazilian physicist, who 
stood up to power for science by calling out the Brazilian government, 
and specifically President Bolsonaro, for not listening to the data that 
were showing the devastating effects that were harming the Amazon 
rainforest.47 As a result, Ricardo lost his job over standing up to power 
and standing up for science. That was the discussion about how we 
all have to ‘stand up to power’ whether we’re coming at it from the 
vantage point of a federal government position, as a scientist or as a 
layperson.

Conclusion

The experiences with climate change and COVID-19 highlight that a key to 
building public trust and confidence in science is communicating the nature of 
the scientific method, its uncertainties and risks. Science’s ongoing assessment 
and reassessment of ‘the truth’ in the light of newly available data must not be 
misunderstood as the equivalent of political flip-flopping, as characterised by 
changing decisions on masking and vaccines.

The access to, and provision of, scientific data and facts is important but in 
themselves although now widely available through internet and online sources 
on the assumption that this can fill some knowledge ‘deficit’ on the part of the 
public is not sufficient.48

In addition, it is necessary for scientists and those that they advise to par-
ticipate in an ongoing conversation or dialogue that not only addresses the 
diversity of situations, values and emotions in the community but seeks their 
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active engagement and participation using multiple communication channels. 
Talking at people does not bridge their ‘cognitive dissonance’ gap even among 
sustainability scientists themselves and risks their disengagement or even alien-
ation.49 A new model of community-based cooperative research, development 
and extension may be required.

Scientists have a social responsibility to communicate their work for the 
‘public good’,50 but they need appropriate training, incentives and institutional 
support. At times of crisis and political divisiveness, they may need to ‘stand 
up to power’. Science journalists have a vital information role particularly dur-
ing crises and are challenged by new media in building engagement and trust 
with their readers. Science has always been closely involved with politics, and 
politicians have a responsibility to both heed scientific expert advice in policy-
making and without being tempted to use scientific advice as a cover for their 
own responsibilities. Emerging concerns about bias inherent in AI algorithms 
demonstrate how easily public trust can be eroded and how dependent it is on 
the development of effective government regulations.

With traditional political demographics now fuelled by an emerging strong 
‘diploma divide’ based on levels of education,51 building public trust in science 
is proving even more challenging in an increasingly polarised and partisan 
political climate.
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Introduction

How can we explain the collective failure of our institutions to respond to the 
global climate emergency and crisis, and why can’t our institutions seem to 
respond for the collective good and sustainable future? This is an important 
and systemic question.
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The Interview

ML: Ray, what is the nature of this institutional governance failure, par-
ticularly in the context of the climate change emergency? What are the 
symptoms of this failure?

RI: Good question Michael. Let me start by unpacking the word ‘institu-
tion’. That word gets used and abused somewhat. I use it in the sense 
that institutional economists use it, which is about the norms and rules 
of the game that we humans have created.2

These can be formal rules like you drive on the left-hand side of the 
road, and that we have a three-year Parliament and we vote in particular 
ways. Or they can be informal rules like our family has dinner at six pm 
and if you’re late, you could be in trouble. Those are institutions in the 
sense that I use them and I differentiate them from organisations, but 
both ideas are central to why our governance systems are failing today.

To get to the nub of the question, you’ve got to begin to imagine 
how or what a governance system might look like and many people find 
it hard to talk about the different elements of a governance system. The 
one we have come up with and talk about in our book is that we identify 
five high-level elements.

One, of course, is the state and I should say here that we differentiate 
between the term governance and government. We’re not talking about 
government, but governance. It’s within the state. It can be a one-party 
state, it can be a federation, it can be a democracy. There are various 
forms of operating the state and the different elements within states 
like the executive, the bureaucracy, and the Parliament, the Communist 
Party of China if you’re talking about China, and all of the other things 
that the state owns and controls.

Then you have the judiciary, the law of the legal system, which has 
many components as well, such as courts, barristers, justices, etc. And 
historically, we tended to confine the idea of our governance system to 
what in Latin was known as the political. The relationship between the 
executive, the Parliament and the law.

But if you want to understand how we’re governed today, and par-
ticularly in the context of an emerging Anthropocene,3 then you have to 
add into the state and the law, the private sector. We live in a world now 
where some of the large multinationals are more powerful than 70% of 
nation states. We can no longer leave them out of our governance.4

The other element is the civil society. We all belong to different civil 
society organisations, and often innovation comes largely from civil 
society.5

The final governance system element is the media which tends to 
float around historically but is now very much aligned with the private 
sector. Certainly in this country, there is a big debate about where the 
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private sector sits, where the media sits, and if the power rests within the 
News Corporation.6 In China, where there’s a one-party state the media 
power sits there and the news is aligned with the state.

Those are the key elements of the governance systems that we talk 
about in our book and we make the argument that all of the institutions, 
the norms, the rules of the games that we humans have invented and 
invested in our governance systems are really up for grabs in the Anthro-
pocene. The idea that we humans are a force of nature and changing 
whole earth dynamics means that what we’ve done in the past has to be 
up for critical scrutiny.

There is a set of innovations that we have built into our governance 
systems that are probably not suiting us all that well. I’ve talked about 
the power of the private sector and multinationals. When we built our 
institutional arrangements, we didn’t see the rise of global connectiv-
ity through technology, the rise of the technosphere. For example, the 
social dilemma about the power of social media and how social media 
tends to use us rather than us use it.

There are other distortions in the thinking that sits behind many 
of our institutional arrangements. For example, it’s almost impossible 
with a three-year political election cycle for Parliament to deal with the 
complexity of most of the issues with which we have to deal. We have 
a constitution in this country that was invented in 1900 or thereabouts 
and it has rules that are no longer ‘fit for purpose’7 and yet we have a 
poverty-stricken way of reinventing our Constitution.8 As in the US, for 
example, there’s a great struggle between the executive and the judiciary 
over the appointment of a Supreme Court judge. These are some of the 
examples of our dysfunctional systems of governance.

ML: Why do you refer to the ‘systems thinking’ approach as the ‘hidden 
power’? How does this help us understand in an analytical sense, some 
of these governance failings of which you’ve given examples? And how 
does this approach differ from the way in which we’ve constructed our 
institutions and rules of the game in the past?

RI: Well again, a good question. Let me give two recent examples with 
which your listeners may be familiar. As we speak, we are experiencing 
the after-effects of the so-called COVID-19 ‘travel bubble’ established 
between New Zealand and Australia.9 Although apparently this was done 
in consultation between states and communities, there’s contestation 
over what was agreed and what wasn’t. Quite clearly what wasn’t done 
was the design or the building of a system in which everyone had a stake, 
a common understanding and a clarity of purpose because the arrange-
ment broke down. For example, what happens if suddenly there’s a series 
of outbreaks of COVID-19 in New Zealand? When does the plug get 
pulled? There’s a failure to design a system that is ‘fit for purpose’.
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The inquiry in Victoria again exemplifies a classic case of systemic fail-
ure and lack of clarity of purpose.10 Why were security guards brought 
in? Who was responsible? What was the purpose? Was it an oversight? 
How do you make sure it’s effective and fit for purpose? These are all 
questions related to systems thinking, systems design and the enactment 
of systemic governance. Unfortunately, there is too much of what we 
call ‘systematic thinking’ rather than ‘systemic thinking’ within our body 
politic and in society in general.11

ML: As you say, there are many examples, and COVID-19 is a case in point, 
where a crisis has challenged many of the ‘rules of the game’ and the 
associated organisational forms and behaviours, and have opened up 
new possibilities and opportunities for change.12 Could one characterise 
the previous ways of thinking and organising as essentially a form of 
‘command and control’ and hierarchical efficiency based, and might a 
‘systems’ way of thinking create different rules and structures to tackle 
crisis?

RI: Absolutely. You’ve put your finger right on the nub of the issue. The 
concept ‘systemic’ or the idea of being ‘systemic’ means that things have 
to be in relationship with each other and fit together for a purpose. 
By contrast, the ‘command-and-control’ model is the classic, simple 
cause-and-effect idea of power model that has dominated, particularly 
in the Westminster system. For example, there’s a classic power strug-
gle going on at the moment in Britain, between the Prime Minister 
of Britain, on the one hand, and the Mayor and local government of 
Manchester in respect of COVID-19 responses.13 It is a struggle over 
centralised command and control that has played out in Britain as a 
complete failure of governance at a central level as against a more dis-
tributed decision-making and action around tracking and tracing that 
has had more success.14

COVID-19 ‘tracking and tracing’ is a really interesting application 
for systems and cybernetics thinking. To monitor and control effectively 
in this system, you need timely feedback, and the best way of getting 
that is for the feedback and actions to be distributed and localised.15 And 
there was a lovely example reported a few weeks ago of citizens in Colac, 
Victoria.16 A COVID-19 outbreak occurred around the meat works and 
the citizens created their own isolating regimes and tracking and tracing 
systems being aware that the centralised system in Melbourne was not 
capable of doing the job quickly enough. That is a great example of a 
systems theory known as Ashby’s law of ‘requisite variety’, which says 
that ‘only variety, can manage variety’.17

ML: We’re dealing here with very complex systems such as the biosphere,18 
societies and the technocracy that are highly unpredictable and uncer-
tain.19 Are we trying in a sense to control or govern them using 
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‘command-and-control’ approaches that are not up to the job? Isn’t 
our very notion of ‘the job’ part of the problem? It is based on what, 
I believe, is referred to as an ‘end-state fallacy’20 in the way we think 
about how to manage these ‘complex adaptive systems’.21

Don’t we need to think in a different way about what we’re trying to 
achieve in managing and changing these large-scale, complex systems?22 
Not just in terms of ideal, unique end states that we set up as our policy 
objectives and then try to implement?

RI: Absolutely. Unfortunately, much of the thinking on which our contem-
porary governance arrangements are made is based on this end-state fal-
lacy. I’ve done work in water and river catchment governance in which 
the hydrology profession and discipline have been central.23

That work has been built on the concept of ‘stationarity’; the idea 
that you can use data from the past to model and predict what’s going 
to happen in the future.24 However, within the Anthropocene, what is 
absolutely certain is the certainty of uncertainty and we can no longer 
rely on ‘stationarity’. There’s a well-known paper published in Science 
magazine titled ‘Stationarity Is Dead’,25 which means that we have to 
‘learn’ our ways into the future.

We’ve got to have localised ways of knowing, as well as being open to 
much more rapid change and innovation; and it’s why we can’t be tied 
down to static constitutional forms. It’s why, for example, three-year 
parliamentary cycles are totally inadequate; and why the pursuit of party 
interests within our government systems are not necessarily in the inter-
ests of a nation, as typified by the climate debate and the carbon taxing 
issue.

ML: This suggests the need to reinvent and reimagine the institutions for 
governance with a systems thinking approach. That path seems to 
require a move away from command and control to a distributed model 
that you’ve mentioned involves notions of self-regulation and learning, 
rather than current ideas of governance based on compliance with a set 
of rules that are supposed to lead us to a desired end state. Is this what 
is involved in moving to the systems thinking approach to governance 
that you have in mind?

RI: Well, you’ve just described a tremendous amount of the content of our 
book because it has those ideas right throughout it. You’re absolutely 
right. A good example that we talk about in the book is the distortion 
of our governance systems at government, corporate and other levels by 
the fallacy of target or goal setting. This is often done with the idea that 
the particular target or the goal is going to stay static, and that you can 
optimise its pursuit centrally. Alternatively, it’s the example I mentioned 
earlier, of responding to COVID-19 in Colac. While the high-level, col-
lective imperative was to survive and do the best we can for the economy, 
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it was left to localised action to devise the means adopted. This was a 
self-organising, bottom-up innovation process that capitalised on variety 
management.

ML: How can we effect that sort of change within our very entrenched insti-
tutions with their strong hierarchical power relationships? What skills 
and capacities are required at the leadership, organisational and com-
munity levels to implement the systems thinking and social learning that 
you’re talking about?

RI: Well, there are some. There are different examples that can operate in 
different domains of our governance systems. We could imagine the 
creation of a constitutional committee, or deliberative institution that 
inquired into how we were going to govern ourselves as a nation into an 
Anthropocene future, and that this inquiry was set up in perpetuity.26

It’s amazing how often we set up royal commissions and commissions 
of inquiry and their sheer number in recent years is itself a measure of 
how bad our governance systems are. But the problem with inquiries is 
that their recommendations are often not given institutional effect or 
even not acted upon, and their potential impact is often dissipated; as is 
happening, for example, with the Banking Royal Commission.27

This means that we’ve got to invent new institutions. Starting with 
high-level ones like constitutions,28 we have to change practices at all 
levels, in various organisations and arms of government. We really do 
have to think about whether the Westminster system of government, 
which gives power to the minister based on a command-and-control 
design, is fit for purpose. What rules would we have to invent to allow 
a greater sharing of power with citizens and more citizen-based power?

We have some good experience to draw on in Australia. Citizens came 
together to build a federation and construct the first constitution.29 We 
also have a lovely example in Landcare in Australia which was a citizens’ 
driven initiative to cooperate across countryside and river systems to 
build greater sustainability.30 It was unfortunately then, albeit with good 
intentions, taken up by the government and institutionalised and appro-
priated by the government which felt because it owned it and was going 
to pay some of the bills, that it should dictate what happened. So rather 
than a bottom-up, self-organising, adaptive-learning system that it was 
initially, it became co-opted into a command-and-control institution.

ML: The issue of power and its location and distribution are at the centre 
of trying to effect the sort of changes and innovation required by sys-
tems thinking and constitute a barrier to institutional reform. It is an 
often-observed phenomenon that people on the frontline of organisa-
tions compared to their leaders can often see and acknowledge the sys-
temic implications and need to change things more clearly than their 
more remote leaders. The pathway to institutional change needs to 
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confront power and leadership issues and your book sets out 26 princi-
ples for systemic governance. What’s at the core of those principles?

RI: They fit into groups and the very first principle that has to be addressed, 
and I haven’t perhaps paid enough attention to it in this interview thus 
far, is that our governance systems are missing three essential elements. 
The first is the centrality of the bias.

In the Anthropocene, we have to re-admit the biosphere as the cen-
tral feature of our ongoing existence. Unless we invent institutions that 
place the biosphere as essential to our ongoing existence then the quality 
of our life and our coevolution with the biosphere is really questionable.

David Attenborough has ignored this over a long period, but in his 
last programme he has at last come out publicly and said that it’s not 
the earth we’re trying to save but ourselves in relation to the earth.31 
That’s the central thing that we have to design to build into our future 
governance systems.

The second group of principles relates to democracy and subsidi-
arity,32 as we have been discussing.

The other group of principles is what my co-author Ed Straw calls the 
‘fourth separation of powers’ and, that is, that the world can’t be allowed 
to run on lies, which tends to be happening in many parts of the world 
at the moment. One of the emergent failures of our current government 
system is what is known in some circles as ‘state capture’,33 or preferential 
‘lobbying’,34 and there’s a lot being written about that.35 For example, the 
discussion about the federal ICAC is about the prevalence of preferential 
lobbying in this country.36 However, that discussion is not following the 
principles of building a systemic approach to governance. Focusing solely 
on a single institution, as it does, doesn’t take account of where that fits 
in the different relations with other parts of government and governance, 
and it is accordingly unlikely to succeed. It may only become a band aid.37

ML: How do you see the prospects for reinventing our governance in this 
more systems-based way? The current COVID-19 crisis seems to be 
overturning many of our governance norms and practices in the short 
run emergency.38, 39 Does that crisis afford an opportunity for change?40 
Are you optimistic about the prospect for systemic governance reforms?

RI: I wish I could say I was really optimistic. Certainly, crises present oppor-
tunities, but there’s a great danger that comes out of crises. People 
merely use the same ways of thinking and acting to do what the systems 
community would say is to keep ‘doing the wrong thing, righter’ rather 
than reinventing a new thing.

We would talk about coming out of COVID-19 as demanding 
‘second-order change’ to change the whole system. It’s not about 
‘first-order change’ which is just about trying to make the current sys-
tem better.41 We need to have a conversation about this and this is what 
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our book is designed to do,42 in the way that citizens talked about mak-
ing this nation they eventually called Australia – unfortunately, without 
Indigenous people as part of that conversation.

We need to have another national conversation about who we are and 
what we want to be in the post-COVID-19 world in which the systemic 
consequences of a virus pandemic point to the breakdown of human rela-
tionship with the biosphere, with each other and with many other species.

Conclusion

Systems thinking offers an innovative approach to respond in a sustainable 
manner to the institutional and governance failures in the face of the global 
climate change emergency in the Anthropocene era. The COVID-19 viral 
pandemic crisis has shown both the need and opportunity for transforma-
tional changes to prevailing governance approaches with respect to our rela-
tionship both to the biosphere and to the kind of institutions within which 
we operate.

The existing rules and norms of governance based on notions of 
command-and-control hierarchy are not sufficiently adaptable to cope with 
the emerging complexity and uncertainty of the existential sustainability chal-
lenges that we face. They are premised on an ‘end-state fallacy’ that envisages 
a single solution or point of equilibrium drawing on projections of historic 
experience and data in the face of the ‘death of stationarity’. The future is not 
simply and uniquely deterministic and is on a scale that requires decentralised 
data gathering, feedback and responses that can adapt continuously through 
adaptive learning.

The scale and nature of institutional and governance changes needed in 
response to the global climate crisis need to move beyond ‘first-order’, sys-
tematic changes that do the same things incrementally better; to second- and 
third-order transformational changes that conceive and deliver systemically 
new ways of thinking and acting.

Decentralised, distributed and empowered governance at the local and 
community levels can better deliver the ‘requisite variety’ and ‘subsidiarity’ 
required to meet the challenges of the ‘complex adaptive systems’ of the 
biosphere, technocracy and political governance. Redistribution of con-
stitutional and institutional power and control in response to the ‘path 
dependence’ of vested interests in corporations, the media and in govern-
ment means a move towards a ‘fourth separation of powers’ with more 
transparency, accountability and empowerment of civil society, communi-
ties and citizens.

Systemic governance offers an innovative approach to an emergent path to 
a sustainable future for the biosphere and society as a complex adaptive system 
characterised by learning and self-organisation. 
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Introduction

Our discussion is about the big existential issues that Australia faces as a country, 
and as a society, is political governance. We have lost trust in our political sys-
tem.1 At the same time, we are facing the existential threat of climate change that 
requires a strong and timely political response that has not been forthcoming.2

We explore a path forward into the future as set out in a book called, What 
Is to Be Done? Political Engagement and Saving the Planet by Barry Jones, 
which addresses these issues.3
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compulsory voting; constitution; corporatisation; corruption; democracies; 
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industry; national treasure; omerta; party factions; policy paralysis; political activ-
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Interviewee Profile

The Hon Dr. Barry Jones (BJ), AC, is a prominent and eminent Australian 
public intellectual, lawyer, writer and activist of over 70 years and a lifelong 
member of the Labor Party and politician. He is a ‘National Living Treasure’4 
and has been recognised for his contributions to society with the award of 
Companion of the Order of Australia (AC). He was, for 26 years, a Member 
of Parliament (MP) in state and federal parliaments; and for seven years a min-
ister, including the longest serving Minister for Science (1983 to 1990). He is 
a former National President of the ALP (1992–2000, 2005–2006).

The Interview

ML: Barry, your latest book What Is to Be Done?5 is a stimulating and impor-
tant read. Could we start by going back to an earlier landmark book 
that you wrote before you became a minister? Sleepers, Wake!6 is a very 

28 Political Reform and Public 
Engagement
Necessary Sustainable Path  
for Confronting Climate Change

Interview With Barry Jones

https://doi.org/10.4324/9781003280316-32


Political Reform and Public Engagement 311

prescient take on the impact and potential of technology in our society. 
Looking back, do you think that Australia grasped the opportunities and 
challenges that you presented?

BJ: No, we certainly did not. We failed conspicuously, I think. I owe a great 
debt of gratitude to Donald Horne for his even earlier and great book 
called The Lucky Country.7

The term ‘Lucky Country’ was intended as an irony. He was saying 
that Australia was run by ‘second-grade’ people. There are some excep-
tions, but every time we looked as if we were facing a crisis, the luck 
returned. For example, things looked pretty bad in the Second World 
War but then the Americans came to our rescue and we survived.8 We 
survived the war and the economy wasn’t going too well, but suddenly 
we discovered enormous mineral deposits in WA which transformed the 
very nature of the economy.9

Horne made the point which I picked up in Sleepers, Wake! to say that 
this was a danger and that we might think of Australia as simply being a 
quarry and a farm.10 In other words, although we have one of the most 
urbanised societies on earth, we might also say that the cities aren’t really 
contributing that much to our economy.11 After all, the important thing 
is what we dig up and sell off in huge volumes to the world. But since 
then, world trade has changed dramatically and Australia is still concen-
trating on the sort of things that we were good at in the 1970s and the 
1980s.12

It’s as if the transformation of the twenty-first century and as we move 
towards a post-carbon society13 is something for which our politicians on 
both sides of the fence lack any enthusiasm. You mentioned that I was 
a long-serving member of the Labor Party, but I’d have to say all the 
major political parties think that way. They haven’t seized the opportu-
nity to act courageously and to act with vision.

Sometimes Australia performs very well, for example, in the case of 
COVID-19,14 but I think initially it was geography and isolation more 
than anything else that saved us from having a heavy death rate; and 
in New Zealand it was the same. But more recently, the handling of 
the distribution and access of the vaccines has been confused and mud-
dled,15 and we ought to be performing better.

ML: A major theme in your new book that you explore, develop and about 
which you put forward propositions is that democracy is undergoing an 
existential crisis,16 which in part you put down to the dysfunctionality of 
our political system, including both political parties.17 What is the nature 
of this existential crisis that you believe democracy faces?

BJ: We have an extreme example in the United States in the Trump era. 
But now that the United States is backing off from the extremes of 
that four-year period, perhaps I need to rethink my level of pessimism 
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there.18 If you take Europe, for example, it was assumed that after the fall 
of the Berlin Wall at the end of the Soviet bloc in Eastern Europe you 
would get the operation of a kind of liberal democracy. In fact, instead 
of having liberal democracy, you’ve had the development of an authori-
tarian democracy.19

In Australia, there are a surprising number of people actually quite 
attracted to the idea of authoritarian leadership. In Europe, countries 
like say Hungary have gone hard right in adopting a populist authoritar-
ian nationalism with a heavy emphasis on keeping foreigners out.20, 21, 22 
This is the idea of identifying an enemy and saying that they are threat-
ening us.23, 24, 25 You can see that with the hostility that’s been generated 
towards refugees in Poland, Belarus and Russia itself.

You can see authoritarianism increasing in China,26 which has changed 
tremendously in economic and social terms. Chinese life expectancy has 
changed dramatically over a comparatively short period, from about 
35  years to more than 70  years. It’s effectively doubled in only one 
and a half generations. That’s an extraordinary achievement, but it’s an 
authoritarian government.

In countries like Brazil, you’ve had the rise and rise of authoritarian 
leadership,27 invoking notions of ‘my country, right or wrong’. We don’t 
care what happens in the rest of the world and we’re opposed to any 
kind of global cooperation.

Coupled with that, there’s been the withdrawal of a very significant 
number of people from being part of the political process. They say, 
well, I don’t mind going along every three or four years to cast a vote 
for a political party but don’t ask me to get involved. Then, they wring 
their hands and say ‘oh isn’t it dreadful what they’re doing’ and ‘aren’t 
they dismal leaders’. You have to challenge people and say, but what are 
you doing about it? Well, I’m so busy with other things. I’m busy with 
my professional preoccupations, the family, my vineyard, my yacht or in 
the days when people used to travel overseas, with my overseas travel.

Take the case of Kevin Andrews who was unloaded as the Liberal 
member for Menzies in Victoria.28 It’s extraordinary that at the last fed-
eral election he polled more than 50,0000 primary votes: 50,863 to be 
precise, and yet after 30 years, getting rid of him as a member involved 
a vote of a total of 282 people who turned up. In other words, 0.5%. 
So, 99.5% of people in Menzies said ‘I don’t want to be involved’. That’s 
terrible.

ML: You have written in this context of the existential crisis in democracy 
about how the digital world and technology has changed everything. 
How does digital technology impact on the issues that you’re discussing 
about political disengagement and the existential crisis in democracy?

BJ: Well, you know I  got a lot of things right in Sleepers, Wake! back in 
1982 but one of the things I  got wrong, and virtually every other 
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person writing in the area got wrong as well, was the assumption that 
the expansion of tertiary education would raise the quality of political 
engagement; but in fact, it’s been quite the contrary.

The expectation was that tertiary education would raise the quality 
of political debate, embrace the universal, put more emphasis on the 
long term and adopt scientific methods. Well, it hasn’t worked out like 
that.29

What’s happening is that to a very large extent, people say: well, look, 
because I’m so busy and I haven’t got time to do things, rather than find 
something where there’s serious analysis of a topic. They say, I know 
what my general views are about, let’s say refugees, whether you are 
hostile or sympathetic to them; and you say, well look, all I want to read 
is material, which reinforces my point of view.

And if I look up on the web and find there are 4,000 sites which are 
anti-refugee, and maybe 5,000 sites which are sympathetic to refugees, 
people say, I’ll just plug in to one of those and I will simply look for 
reinforcement over and over and over and over again.

The result is that to a very large extent people are picking up their 
view of the world, their understanding of the world, not by looking out 
the window or by direct personal experience, but by simply gazing at 
a screen, everything that comes via the screen.30 The result is that in a 
way they pick up views which are somebody else’s views but which are 
crafted in order to appeal to them. So don’t think about the issue, we’ll 
provide a solution for you. A ready-made solution that you can immedi-
ately adopt.31 That’s the real threat.

And I would say it’s extraordinary when you reflect on what’s hap-
pening in our politics, particularly in the Parliament. When I  was in 
the Parliament, you had a comparatively small number of people with 
degrees but what they did have was life experience.32

I was struck by how many Members of Parliament when I was there 
first might have had perhaps a few fingers missing, or might have been 
missing an eye, or might have suffered from burns. They were people 
who’ve had life experience that’s been pretty tough, and they decided to 
try and improve the quality of working life, for example, but now you 
find there’s a very high percentage of people in Parliament who have 
formal qualifications.

Their primary loyalty is to a political faction, then party branch. Pol-
icy now doesn’t seem all that important. I’m struck by the fact that so 
many of the really important issues like emissions, in the environment; 
to say, issues about foreign policies are not discussed.

We haven’t had a serious debate on foreign policy in the Common-
wealth Parliament for more than a decade. We haven’t had a serious 
discussion about defence spending. Take the case of the acquisition 
of the controversial submarines.33, 34 There’s never been a debate 
about it because they say on this something the executive decides. 
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The result is that nobody ever says what the reason is for having 12 
submarines. Why not 11 or some other number? What’s magic about 
the number 12?

And, if you’re only having 11, you could instead say, spend a billion 
dollars improving tertiary education. We never had that discussion. Peo-
ple don’t realise that.

One of the things for which Australia deserves a gold medal is the 
shortness of the sitting year of the Australian Parliament.35 Compared to 
New Zealand, Canada, Britain, the United States, Germany, and France; 
Australia’s right at the bottom. That’s because political parties and gov-
ernments on both sides regard the Parliament as a confounded nuisance 
and they don’t really want to have a serious debate.

ML: Why do you think that there’s been such a significant drop in public 
trust in our system of politics or politicians and our institutions?36 Is it 
just that they’re not getting on with the job or are there other reasons?

BJ: To a very large extent, both political parties are quite happy with the 
current situation. The last thing they want is to have large numbers of 
well-informed people who are rocking the boat.

The major political parties have essentially become privatised, like 
private companies such as Woolworths or Coles. You’ve got habitual 
users who turn up but who don’t necessarily want to get involved in 
the management. Our political leaders don’t want to encourage large 
numbers of people to come in because they might start asking awkward 
questions.

I’m actually in favour of compulsory voting although strictly speak-
ing it’s not compulsory voting as such; it’s compulsory registration and 
compulsory turning up because when you actually cast your vote it’s a 
free vote. You could vote if you like or otherwise you could vote infor-
mally or strike a line through the ballot paper; not that I’d encourage 
people to do that but you’re not compelled to vote, you’re compelled 
to turn up.

The other thing is public funding for elections which is quite gener-
ous on the basis of how many votes a party achieved in the previous 
election.37 That being the case, you don’t really need to engage with the 
community as a whole but you do need to engage with lobbyists and 
their role is profound.

Think of the role of Clive Palmer who admits to having put $123 mil-
lion in not primarily for the purpose of securing the election of his own 
candidates, but to prevent a change of government.38 That means that 
the role of lobbying, for example, the gambling industry has been abso-
lutely profound in its social impact.39

It has been very deleterious I think, but nevertheless, the gambling 
industry is a big employer, and it does make some contribution to rev-
enue, but it’s been extraordinarily powerful. You might find a large 
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proportion of people in the community want gambling to be regulated 
or controlled far more, but it won’t happen because both major political 
parties are caught up in it.40

ML: Barry, you speak in your book of ‘political paralysis’ and of almost a 
‘code of silence’ among our political classes in not addressing some very 
key issues. You compare it to the omerta of the Mafia41, 42 and suggest 
that it reflects a certain sense of neglect and complacency. What is at the 
heart of this ‘political paralysis’ and ‘code of silence’?

BJ: The code of silence is about not wanting to offend somebody that is 
supporting you. Take, say, the role of the mining industry at a time 
when increasingly we’re concerned about global warming and about 
reducing CO2 emissions.

A few strategically placed mining lobbyists have a tremendous impact 
on the government.43 Also, there is the influence of a number of trade 
unions with affiliations in construction work associated with mining.44 
It means that both political parties have been hesitant about taking a 
really courageous stance. They say, if we do, we’re going to disturb or 
anger people who are related to our political base or who are our major 
financial contributors.

ML: You paint a fairly bleak picture of the political parties and our political 
system in the sense that they’ve become very isolated from, and lacking 
in, engagement with ordinary people. It sounds deep seated and I get 
the impression that you’re not even sure it’s capable of reform.

You speculate about and call for the need for a new party which you 
call the courage party. Do you really think that we’re not likely to be able 
to resolve these problems of lack of engagement of our people in society 
through the existing political party system?

BJ: It’s what I’ve called the zero-point-zero two percent (0.02%) problem. 
There are about 15 million voters in Australia but if you add up the 
number of people who are aligned and can be regarded as more or less 
politically active that number is likely to be about 30,000.

In other words, you’ve got 15 million people who feel completely 
passive or isolated, and you’ve got 30,000 people who are actively 
involved. People feel we’re outnumbered. While there’s 15 million of us 
and only 30,000 of them; that 30,000 are strategically placed to influ-
ence the government.

I’ve been interested in talking to a number of people who are very 
seriously considering putting up candidates as independents at the next 
federal election.45 They say Helen Haynes is wonderful in Indi and 
Zali Steggall in Warringah with both of which I agree. But when you 
reflect, you ask how much effort is needed to get an independent elect-
able to win a marginal seat, leaving aside the question of whether you 
really want Parliament made-up largely of independents46 – and who are 
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simply competing with each other for resources for their own elector-
ates. That’s a different kind of problem.

But if in each federal electorate you had 1,000 committed and active 
citizens, that’s not even 1%, then you would transform and revolu-
tionise the political parties. You wouldn’t even need a ‘courage’ party 
because both political parties would be courageous through their active 
membership.

ML: Barry, you set out an interesting list of possible policies and reforms. 
How important are the reforms that you articulate in the areas of our 
constitution; and in terms of anti-corruption and public accountabil-
ity, responsibility and recognition of the public interest and the public 
good?47

BJ: At the moment, it’s a scandalous situation about the lack of transparency 
and there’s no sense of accountability. In the case of the present federal 
government, obviously I don’t want to be too partisan because of my 
Labor Party priors, you can see I am critical of the government.

I’m critical of both major parties, but I consider with the present gov-
ernment there are at least a dozen non-performers and several ministers 
who are really invisible. I’m not even sure that they are even alive or not, 
you can never find them. It was extraordinary in the last federal election, 
the then Minister for the Environment (Sussan Ley) was completely 
invisible. She never came. She never answered a single question in the 
course of the election campaign. Although there are serious issues about 
the environment, she was not seen once to be talking; so whatever her 
views were, they were completely mysterious, maybe even to herself.

The starting point has to be accountability but the other thing is, 
we’ve gotta be honest with ourselves about issues like race. We’ve gotta be 
honest with ourselves about our history and about the Constitution.48, 49

In some ways, the republican debate has been rather limited.50 It 
should be a much more wide-ranging debate.

People look at the 1901 constitution and they say ‘if it ain’t broke, 
don’t fix it’. Well, in a sense it was broken right from 1901.51 It’s amazing 
people, for example, including monarchists never quote the Constitu-
tion. They never read it out and say, we agree with this, and this.

For example, in Britain, the last time a sovereign vetoed an act of Par-
liament was 1707, and that was actually on the advice of ministers.52, 53 
In the Australian Constitution, the power of the queen as monarch, the 
veto legislation is expressly preserved.

Now, is there any monarchist in Australia who can say, oh yes, we 
defend that? We think it’s absolutely right that Queen Elizabeth over 
there, the now-widowed queen in Windsor, should be able to exercise 
the power of veto. It’s there in the Constitution and then people say, oh 
no, oh no, the Prime Minister runs the show but the Prime Minister isn’t 
even mentioned in the Constitution.
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ML: Barry, your recurring theme is that if we’re going to get more political 
engagement of the people, which you clearly believe we need to do, we 
need a lot more openness both in government and in the political par-
ties. You say that we need to face up to some difficult moral choices, to 
debate them and take a longer view. In particular, you talk about climate 
change. How central is it to this discussion that we address the climate 
change issue?

BJ: It is absolutely central. Australia  – because it’s the largest per capita 
producer of CO2 – has a moral responsibility to take a lead.54 We look 
completely hypocritical if we say, well, we’re going to leave it to the 
other bigger emitters to play a role. We can’t play the role. Of course 
we are small, but we can be very important among middle-sized pow-
ers to say we’ve got to act courageously if we’re going to preserve the 
planet. We should think of the limited amount of time we have. The 
next 10–15 years are going to be absolutely critical. Otherwise, the situ-
ation may become quite irreversible.

Conclusion

The democratic political system is dysfunctional as evidenced by falling levels 
of public trust in governments and the disengagement from politics of the 
people. Parties of both colours are content, if not complacent, as a duopoly, 
with the present situation which entrenches their positions of power while 
effectively excluding the rise of alternative more courageous parties.

In the past, Australia has been the ‘lucky country’ prospering despite our 
‘second-rate’ leadership. However, the prospects of constitutional and govern-
ance reforms to our political system needed to tackle the big long-term issues 
such as climate change and sustainability are not encouraging.

Many countries have been turning to authoritarian nationalistic leaders. 
Movement towards effective reforms, such as to election funding, integrity, 
transparency and lobbying, in the liberal representative democracies appear to 
be enmeshed in a form of ‘political paralysis’.

Increasing levels of education have not raised the level and quality of pub-
lic debate as had been widely expected; people are politically disengaged and 
increasingly turning inwards to their own lives, careers and families. While pre-
pared to vote in elections, they are not prepared to become politically active 
or engaged.

Social media has acted as an ‘echo chamber’ where people seek confirma-
tion of their existing views rather than seeking out objective policy analysis. 
The political field is left to party factions, a small number of party activists, 
and to vested interests, including business and unions, and the influence of 
monied lobbyists.

There is a ‘scandalous’ lack of political transparency and accountability 
which are minimal and ineffective. A ‘code of silence’ resembling the Mafia’s 
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omerta characterises the lack of real public debate on key issues. The lack 
of sufficiently robust and timely political responses to climate change pose a 
moral challenge of existential proportions for the world. Can the ‘lucky coun-
try’ bank on being ‘lucky’ once again?
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This chapter bookends this work, summarises the key takeaways of each inter-
view and concludes themes of the book: national systems of innovation and 
sustainability, climate change adaptation and energy transitions, regenerative 
agriculture for biodiversity and appreciating the complex systems of govern-
ance for innovation and sustainability.

Section I: National Systems of Innovation and Sustainability

What matters most about innovation is its impact on the everyday lives of peo-
ple by enabling a better quality of life and standard of living (Mark Dodgson). 
Communicating a positive public understanding and acceptance of innovation 
and technological change as its principal driver is a challenge. There are justi-
fied public fears about job losses, industry closures and community breakups, 
in the face of the processes of Joseph Schumpeter’s ‘creative destruction’ that 
accompany improved productivity and economic growth.

Entrepreneurs play a central role in driving innovation, and they have 
become highly visible and attractive role models during the digital era in 
the form of the Silicon Valley ‘start-up’ culture and their subsequent rise to 
global billionaires. However, their image as lone ‘geniuses’ working with few 
resources out of their garages obscures the extent to which their successes and 
their ultimate public impact build upon the resources and activities of wider 
economic, government and community institutions known as the ‘national 
innovation system’.

A clear scientific and quantitative understanding of innovation drivers and 
its impact are elusive (Kevin Fox). Economists with an interest in studying 
growth have moved beyond traditional models driven by labour and capital 
which treat technology and its impact as a factor outside their models rational-
ised as an unexplained ‘black box’ residual known as ‘total factor productivity’ 
(TFP). The importance of hard-to-measure human capital, business adaptabil-
ity, and the role of government and institutions are increasingly acknowledged 
and researched.

Measurement problems have loomed even larger in the digital era with the 
emergence of a ‘productivity paradox’; investment in information, technology 
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and computer equipment is visible everywhere, including in its impact on jobs, 
but does not show up in productivity improvements. Possible explanations 
of the paradox include a lag in diffusion or adaptation of practices to these 
technologies, particular difficulties in measuring service sector productivity, 
as well as in setting prices and imputing monetary values to the services often 
delivered at zero marginal cost.

From an economics perspective, looking more closely at the role of dig-
ital era entrepreneurs, the manner in which they operate and their impact 
sheds some light on the ‘black box’ nature of the innovation process (Nicho-
las Gruen). Typically characterised as ‘geeks’ rather than traditional corporate 
business leaders, they adopt a generally visionary image and even idealistic 
aspirations to ‘make a difference’.

Equally significant though is the nature of digital technologies which make 
it easier for entrepreneurs to form start-up companies and to scale them up to 
enormous scale at an unprecedented rate. The traditional barriers to entry in 
starting businesses are reduced; less capital is required; market risk is reduced 
by adopting lean start-up structures utilising digital platforms, cloud infra-
structure and data algorithms. They can cheaply and repeatedly experiment 
with their offerings in the market, adapting and learning as they proceed.

These same technologies when scaled to big tech companies take advantage 
of a ‘winner takes all’ network economies of increasing scale returns and dis-
criminatory pricing that lead to market power and dominance. Visionary ide-
alism is overtaken by ‘commoditisation’ and ‘monetisation’ of data in pursuit 
of market power. This limits competition and innovation, and social impact 
at the expense of privacy and democracy. Ultimately, the ability and the role 
of government to exercise control in the public interest in a timely manner is 
challenged and public trust is eroded.

The United States, despite its historic global leadership in innovation, its 
risk-taking culture of entrepreneurship and the many global leading’ big tech’ 
companies, has reached a ‘tipping point’ with global challenges to its digital 
tech-based national competitiveness (Robert Atkinson).

The successful lessons of the past important systematic role of government, 
particularly during the Cold War years, in actively supporting research, tech-
nology and innovation across many institutions has diminished and largely 
been forgotten. The more recent ‘financialisation’ of corporate business, the 
‘hollowing out of manufacturing’ and the general adoption of ‘liberalisation’ 
and ‘small government’ have held sway.

Rebuilding national security, competitiveness and innovation leadership is a 
political challenge for the current President. The past shows it requires urgent 
‘long-term’ focused, ‘mission-oriented’ intervention by the government work-
ing closely with the business sector.

For its part, Australia’s ‘national innovation system’ and its many compo-
nents and institutions are arguably incoherent, uncoordinated, inconsistent 
and lacking long-term visionary leadership (Roy Green). Its very existence 
as an institutional ‘system’ of governance is open to question. Its inability 
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to capitalise on Australia’s traditionally strong publicly funded research base 
through commercialisation, innovation and industry development speaks to 
an underdeveloped ‘system’.

This is reflected in a long-term loss of standing in international rankings 
of innovation and competitiveness. Political ideologies of neoliberalism, and 
vested interests in the wealth-generating minerals and energy ‘boom-and-bust’ 
sectors, have bred a comfortable complacency that may yet be the undoing of 
the ‘lucky country’.

There is no shortage of innovation options and pathways to a wealthy and 
sustainable future built on renewable energy technology transformation which 
are slow in opening up.

The politicisation of climate change policies leads to emissions targets and 
policies that from a technical perspective are less than economically efficient 
or effective (Ross Garnaut). Economists, including Nobel Laureate William 
Nordhaus, have long agreed that imposing a carbon emissions charge is the 
best policy approach in response to the market failure that leads to underpric-
ing and hence overproduction of carbon emissions.

There are various technical options for designing and implementing such a 
charge as well as options on the rate of the charge that balance costs and ben-
efits of abatement that create a de facto market for trading in carbon emissions; 
a national cap-and-trade approach known as an emissions trading scheme 
(ETS) was rejected in the US but picked up by some states.

Europe adopted a carbon market price albeit set at a very low price. Aus-
tralia implemented an effective emissions trading scheme (ETS) in the form 
of a carbon pollution reduction scheme (CPRS) for a couple of years before it 
was scrapped on party political grounds. Despite the best of economic advice 
and options, the net effect of politicisation over at least two decades has been 
the slowing down of effective and integrated economy-wide and global climate 
action.

Attempts to counter the ‘toxic political paralysis’ holding back effective cli-
mate action in the face of a global ‘tragedy of the commons’ need to tackle 
head on the ‘political economy’ and opposition of vested fossil fuel and other 
business interests (Warwick McKibbin). Such approaches respond directly to 
the varying climate policy risks and uncertainties faced by businesses in all 
sectors.

Modelling the technical complexity of climate policies impacts across the 
economy that uses scenario-building methodologies enables development of fea-
sible ‘hybrid’ approaches. These approaches move away from the notion of single 
economy-wide or global targets and prices to create ‘constituencies’ of commer-
cial and financial self-interest in climate policy providing ‘insurance’ for polluters 
in the form of ‘climate bonds’.

A broader approach to sustainability that goes beyond tackling climate 
change is the notion of a ‘circular economy’ that systemically minimises waste 
and materials use by transforming business models as well as consumer life-
styles (Sami Kara). Related ideas of such innovation have been around for 
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decades by names such ‘closed-loop’, ‘cradle-to-grave’, ‘whole-of-life’ product 
life cycles and ‘zero-waste economy’.

However, leaving the transformation to market mechanisms has had little 
traction in overcoming ‘market failure’ and requires systemic changes. Prod-
ucts need to be reconceived and redesigned to minimise the waste stream 
and environmental impacts at every stage of the life cycle: design, sourcing, 
manufacture, distribution, repair, recycling and re-use. Consumer behaviours 
will need to change accordingly.

Tentative systematic policies to support even basic recycling have had little 
impact in the absence of effective pricing and market demand. The technology 
and innovation challenge is to develop technologies that have a one-to-one 
displacement; otherwise, new business opportunities for recirculated products 
lead to even more material consumption and environmental impact.

Section II: Climate Change Adaptation and Energy Transitions

The global energy industry is on the verge of a historic disruptive technology 
transition from an essentially fossil fuel base to renewable energy in response 
to the climate change challenge (Giles Parkinson). The rapid fall in costs of 
the new renewable technologies and developments in associated battery stor-
age and ‘smart grid’ systems are disrupting industry business models, leaving 
assets stranded, but facilitating new more sustainable distributed networks and 
creating new jobs.

In Australia, the transition has been politicised and resisted by incum-
bent vested interests resulting in policy uncertainty and lack of stability. This 
undermines investor confidence in making the large investments required 
for rebuilding the electricity infrastructure to deliver consistent dispatchable 
power. Despite a change to a more favourably disposed government, the pol-
icy domain and pathway to innovative sustainable renewables remains highly 
contested and slow moving.

The power of dirty party politics to frustrate electricity emissions reduc-
tions in Australia is exemplified by the case of the National Energy Guaran-
tee (NEG) proposal (Chris Dunstan). This was a complex attempt involving 
trade-offs between significant policy objectives to integrate within the national 
electricity grid the objectives of emissions targets, renewable energy technolo-
gies and affordable electricity prices.

The compromises within the context of a toxic internal party political 
debate resulted in a rigid framework that was ‘ineffectual’ in all respects. It was 
also economically inefficient in minimising the low-cost abatement in electric-
ity vis-à-vis higher cost abatement in other sectors. The proponents stymied 
long-term renewables investment while promoting government underwriting 
of new investments in coal-fired assets in the name of securing ‘base load’ 
network stability.

Australia’s tortured path to renewables transition is well exemplified by 
its laggard adoption of electric vehicles (EV) technology with widespread 
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diffusion among consumers thwarted by lack of a cohesive national strategy 
(Peter Khoury). Consumer adoption faces expensive vehicles, ‘range anxiety’ 
with few offsetting incentives, resistance to vehicle fuel efficiency standards, 
painfully slow investment in infrastructure, and only latterly a belated recog-
nition of associated opportunities in development of lithium resources and 
battery technologies.

The electrification path to sustainability is also unexpectedly problematic 
from the point of view of much wider digitalisation of economies, involving 
computers and communications systems and its associated technologies as can 
be seen in the case of the emergence of digital cryptocurrency (Sean Foley). 
Their ‘Dirty Little Secret’ is their considerable use of electricity, for example, 
in the operation of enormous ‘server farms’, including for the use of ‘cloud 
computing’.

Rapidly evolving cryptocurrency such as Bitcoin in particular, as poten-
tially disruptive to the global finance industry, is not only exploitative of cheap 
labour but reliant on enormous amounts of cheap electricity on the scale of 
small countries. This is required for the authentication and validation of their 
highly encrypted ‘mining’, and ‘proof-of-work’ processes utilising their under-
lying ‘blockchain’ technology.

With their transformative potential across many mainstream sectors and 
applications, these technologies challenge regulatory systems as well as need-
ing to transition to less energy-intensive processes and or transitioning to 
renewable sources.

Nuclear power and technology, particularly in the form of innovative, ‘small 
modular reactors’ (SMR), has regained momentum and profile in Australia as 
a ‘clean’ renewable energy source that can play a role in decarbonisation to 
net zero, albeit also backed by growing geopolitically driven national defence 
security concerns (Jim Green). The global nuclear power industry has hit a 
30-year plateau in wake of the 2011 Japanese Fukushima nuclear disaster and 
primarily by its soaring costs and the need for enormous subsidies.

Despite SMRs’ long-touted cost-effective innovation, only a handful of 
attempts have been made over a couple of decades to build them successfully 
except for niche military and remote area applications. They cannot compete 
on cost with renewable energy alternatives and have very long lead times that 
mean they cannot deliver on emissions targets timelines. In any event, they are 
not required in Australia given its vast renewable energy resources. They are 
also problematic given Australia’s long non-nuclear history, and its obligations 
under various nuclear anti-proliferation treaties, notwithstanding the more 
recent AUKUS nuclear submarine commitments.

Not all new ‘alternative’ energy technologies guarantee a path to sus-
tainability as in the case of the much-touted transformative potential of the 
renewable or clean ‘hydrogen’ economy (Tony Wood). The potential of its 
carbon-free, benign oxygen, emissions burning technology has underwritten a 
‘grand vision’ for Australia as a low-carbon superpower shipping clean energy 
in the form of ‘sunshine to the world’.
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Clean hydrogen has the potential to transform Australia’s vast mineral 
resources in the form of green, decarbonised, high-value-added products such 
as steel, aluminium, ammonia, fertiliser and explosives.

However, not all clean hydrogen is equally clean; varying from the rainbow 
colours of green, blue, brown, pink or black, depending upon the carbon 
content of the hydrogen production processes used and the materials supply 
chains involved. The optional innovative pathways for hydrogen fuel are mani-
fold, complex, varied, risky and costly as well as highly ‘path-dependent’ on 
finance, skills and government interventions.

Section III: Regenerative Agriculture for Biodiversity

Australia’s agriculture sector is a globally competitive exporter of food and a 
major user of land and water resources in a large but driest continent that faces 
challenges of sustainability in the face of climate change (Richard Heath). The 
trade-exposed sector has maintained its competitiveness on the back of effective, 
largely publicly funded research, extension services and accompanying significant 
structural adjustment to predominantly large-scale industrialised production.

Digital technologies are playing a substantial role in introducing agri-
cultural practice innovation that sustains competitiveness and resilience to 
escalating climate disruptions, as well as reducing its carbon emissions. Con-
tinuing development and adoption of cutting-edge agricultural technologies, 
or AgTech, that can drive productivity requires systematic shifts in approaches 
to data-sharing, enhanced skills, changed behaviour and practices, and finance.

Innovation is changing the traditional agricultural ways and moving to a 
more ‘integrated’, ‘biologically derived economic structure’ based on ‘natural 
accounting systems’ and methods. It is building trust in the sector’s integ-
rity and positive environmental impact, in closer partnership between farmers, 
government and the public.

New synthetic biology and food technologies are opening up transfor-
mational opportunities for enhanced ‘food security’ and more sustainable 
agriculture on a global scale. These are referred to collectively as ‘the second 
domestication’ of dairy and beef: producing protein food without animals, 
colloquially known as Food 2.0 (Lesley Hughes).

Technologies of protein fermentation include plant alternatives to a range 
of dairy products with the decade of 2020s described speculatively as ‘peak 
cow’, as well as emerging plant-based meat alternatives. Cell-based products 
produced in labs are developing new meat alternatives but are still experimen-
tal and costly.

The potential environmental benefits of such synthetic ‘designer’ food pro-
duction as a replacement for factory-based and extensive pastoral livestock 
production are enormous, given the scale of global land and water resources 
currently utilised. The reductions in pollution, land degradation and methane 
emissions will be central to meeting climate emissions targets and long-term 
sustainability.
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Significant improvements in animal health and welfare will enhance social 
licence, while large-scale adjustments will need to be supported for producers 
and regions, as well as cultural adaptation by consumers recognising that ‘eat-
ing is a political act’.

Agriculture is, by far, the major user of water. The sustainable management 
of water resources in the driest continent of Australia has proved historically 
an insurmountable challenge for innovative policies and programmes, and the 
latest failed attempts to restore and maintain the health of the country’s single, 
largest river water resource – the Murray–Darling River Basin (MDRB) – con-
stitutes an ‘environmental catastrophe’ of federalism politics (Richard Beasley).

With water resources as the constitutional responsibility of the states, the 
federal government enacted a visionary interstate basin-wide management 
plan legitimised by its international treaty-making powers to legislate for the 
restoration of overallocated water to the environment of entitlements held 
by farmers and irrigators. In setting the required diversions, the ‘best avail-
able scientific advice’ was not adopted and climate change implications were 
ignored.

Significant funding of A$13  billion was allocated to measures including 
grants to landholders and voluntary purchases of water from entitlement 
holders. In the face of unprecedented protests by farmers, irrigators and local 
communities, the plans were abandoned and water buybacks halted but not 
before most of the funds were expended with no marked improvement in river 
health and sustainability. Still hotly contested, politically and methodologi-
cally, attempts continue to modify and revive the plan.

Sixty thousand years of Australia’s more than 300 First Nations’ continuous 
habitation, experience and accumulated knowledge in adapting to, and living 
sustainably in, this harsh and dry continental landscape in the face of shifting 
climates from ice ages to their global thawing; has been effectively ignored 
since colonisation 250  years ago (Bruce Pascoe). Their holistic traditional 
knowledge systems and practices encompass cosmology, social organisation, 
agricultural technologies and trading networks draw on understanding of the 
self-regenerative characteristics of our unique continental environment.

This systemic and integrated knowledge was not only ignored but its very 
existence denied in what has been called ‘the great Australian silence’. It is only 
recently being recognised as relevant to our pursuit of sustainability, but still 
not without contestation. It is being brought into the open and slowly inte-
grated into our scientific knowledge base, as changing industry processes, and 
adopted in management practices for land, water, flora and fauna.

A variety of modern-day practices of more sustainable, regenerative agricul-
tural and land management have long been under development in many coun-
tries under many names, such as organic farming and minimum tillage, and 
are well understood; but their widespread diffusion and adoption confronts 
the obstacles of long-held farming culture and practices as well as resistance 
from the formidable economic and political power of global and industrialised 
agriculture and agribusiness (Charles Massy).
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Historically, successful government-funded research and extension services 
in agricultural methods and practices have given way by policy decisions to 
private-sector research and support by industrial equipment, seed, chemical 
and fertiliser industries delivered through commercial stock and station agents 
and salespeople. While a regenerative agriculture movement is gathering 
momentum, albeit slowly at the grassroots level, individual farming innovators 
pay a personal and financial price for attempting to adopt more sustainable, 
regenerative practices.

The farmer’s role is essentially to stand back and empower the naturally 
complex, regenerative systems to develop their emergent complexity, resil-
ience, adaptability and biodiversity in the new farming paradigm.

Section IV: Appreciating the Complex Systems of Governance 
for Innovation and Sustainability

The ‘Silicon Valley Consensus’ is a form of ‘technological determinism’ that 
has not only motivated national government innovation policy but also con-
tributed to a populist and nationalist backlash in politics from those who feel 
‘left behind’ by growing inequality and loss of jobs (Michael Piore). Public 
policy has hollowed out manufacturing by offshoring while the economy has 
become financialised.

It is, in effect, a ‘self-fulfilling prophecy’ that posits high-technology dis-
ruption driven by individual creative entrepreneurs, by reduced corporate 
R&D investment in favour of short-term profits, demanding ever higher levels 
of STEM education and skills without subsequent jobs, and in which ‘tacit 
knowledge’ and ‘experiential learning’ are undervalued.

If social and political harmony are to be revived and sustained, a pub-
lic policy paradigm shift is required away from its roots in the ‘Washington 
Consensus’. The ideas of ‘market fundamentalism’, monetised and commod-
itised ‘knowledge economy’, and Silicon Valley’s over-emphasis on individual 
entrepreneurs need to be replaced by engaging ‘intellectual communities’ for 
innovation, competitiveness, job security and more equal distribution, and 
promoting the broad welfare of society.

As the public has lost trust in government and its institutions, it has seem-
ingly placed relatively more trust in corporations to take up ‘the business of 
climate change’ where governments have failed (Bob Carr). This is ironic given 
that it has been the powerful and sustained climate policy lobbying and public 
relations campaigns of climate denial, scientific undermining, by well-funded 
fossil fuel corporations that have both reframed and stymied government cli-
mate action.

Experience in NSW, which successfully introduced the world’s first manda-
tory carbon-trading scheme in 2003, suggests lessons can be learnt on how 
governments can work with business constructively by recognising business 
’material interests’ involving realities around investment risks, time horizons 
and market mechanisms. Such schemes face difficult problems of implementa-
tion around standards, metrics, monitoring.
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There are signs that corporations are engaged in reimagining their role and 
long-standing profit-focused corporate governance practices towards broader 
norms more consistent with maintaining their ‘social licence’ and their sus-
tainability. A wave of revelations around unethical and even criminal behav-
iour of large corporations in a number of sectors has put into question their 
accountability, transparency and directors’ responsibilities and driven a crisis in 
corporate governance spurred by the challenges of new technologies, climate 
change and sustainability (Pru Bennett).

By ‘harnessing capital’ to new risks and sustainability, the principles of gov-
ernance known as environmental, social and governance (ESG) are seen as 
potentially underpinning corporate sustainability in a profit sense, as well as 
their ‘social licence’. They are driven by institutional investors, shareholder 
activism, broad stakeholder interests, and with regulatory and legal support 
albeit limited.

There is an absence of clear standards, metrics, accounting and regulatory 
frameworks at both the national and international levels that leaves the field 
open to corporate ‘greenwashing’ public relations. There is evidence that 
companies which have adopted ESG principles have enhanced profits along-
side sustainability. A strong political and legislative backlash has emerged lately 
against such ethical approaches to investment as a manifestation of ‘woke’ 
ideological sensibilities suggesting sustainable approaches to corporate gov-
ernance are very much a ‘work in progress’.

Game-changing business opportunities are available in decarbonising and 
transforming the Australian economy by a transition to renewable energy 
‘superpower’ (Ross Garnaut). Australia has long been a major commodities 
exporter of minerals such as iron ore and bauxite, and energy in the form of 
coal and gas.

The renewable energy transition has the potential to transform the indus-
trial structure away from commodity exports to high-value-added ‘green’ 
products, including steel, aluminium, fertilisers and explosives. In addition, its 
vast agricultural, pastoral and forested landscapes offer significant potential for 
carbon capture and trading.

The country has world-class renewable solar and wind energy resources that 
could support development of a sustainable decarbonised ‘hydrogen’ economy 
that enables ‘shipping sunshine to the world’. Falling costs of renewable energy 
alongside availability of attractive costs of capital will induce private-sector 
investment but will need to be supported by government actions, particularly 
investments in R&D to develop hydrogen and carbon capture technologies. 
This will require the long prevailing ‘fog of politics’ on climate change issues 
to lift from the path to zero emissions.

In a democracy, public trust and confidence in politics and institutions relies 
upon a free press able to objectively pursue public interest journalism, inform-
ing, exposing and holding to account the interests and actions on major issues 
such as COVID-19 and climate change (Allan Fels). This has been hindered 
by the lack of media competition and ownership concentration, as well as by 
the disruptive impact of digital technologies upon mainstream media.
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There have been significant job losses in journalism, the closure of many 
print media outlets and a fall in journalism standards. The rise of largely unreg-
ulated social media and platforms has opened the way for misinformation, 
disinformation and fake news. Climate denial, scepticism about science and 
the culture wars have been given an accessible voice.

The issues of competition, transparency and accountability in the media are 
only slowly being addressed, in particular, with the introduction of payments 
from digital platforms to mainstream media for the use of their content, and 
the promotion of public interest journalism.

Tackling the climate crisis along with the more recent COVID-19 experi-
ence has highlighted the importance of building public trust and confidence in 
science and its methods and uncertainties (Aaron Mertz and Abhilash Mishra). 
The provision of scientific ‘facts’ and ‘data’ and their increasing accessibility 
on the internet is not sufficient to both fill any ‘knowledge deficit’ and bridge 
their ‘cognitive dissonance’.

Talking the ‘truth’ at people risks their disengagement or even alienation 
and a new model of participative, community-based cooperative research, 
development and extension may be required. Scientists have a social respon-
sibility to communicate and engage but lack training, incentives and support.

Politicians have a responsibility to seek out and heed expert scientific advice 
but scientists will need in times of crisis to stand up to power. Science journal-
ists have a vital role in building engagement and trust. Building trust in science 
is even more challenging in the increasingly polarised and partisan political 
climate, now also fuelled by a ‘diploma divide’.

Systems thinking offers an innovative approach to respond effectively to 
the evident dysfunctionality and failures of our current institutional systems of 
governance in the face of climate change in the Anthropocene era of the Sixth 
Extinction (Ray Ison). Existing governance based on ‘command-and-control’ 
hierarchies that seek out optimal solutions fall into ‘end-state fallacy’ and con-
front the ‘death of stationarity’ in a world of complex systems characterised by 
uncertainty and instability.

Effective responses to the global climate crisis require decentralised, distrib-
uted and empowered governance. Achieving transformational change means 
moving beyond first-order, systematic improvement changes to higher-order 
systemic change. Systemic governance is characterised by variety, subsidi-
arity and learning. The emergent qualities of self-organising adaptability and 
resilience are the key to sustainability in a ‘complex adaptive system’ such as 
human–global climate change interaction. Sustainable governance systems 
cannot be achieved without substantial redistribution of constitutional and 
institutional power and control.

The dysfunctionality of our democratic political system, evident in the lack 
of sufficiently robust and timely political responses to climate change, poses a 
moral challenge of existential proportions for the world (Barry Jones). Politi-
cal parties are content if not complacent in their positions of power, aligned 
with powerful ‘vested interests’ and Australia has historically prospered as the 
‘lucky country’ despite our ‘second-rate’ leadership.
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With liberal democracies enmeshed in a form of ‘political paralysis’, the 
prospects of needed constitutional and governance reforms are not encourag-
ing. Many countries are turning to authoritarian nationalistic leaders. A ‘cone 
of silence’ resembling the Mafia’s omerta characterises the lack of transparency, 
accountability and lack of any real public debate on key issues such as climate 
change and sustainability.

Only with much greater public engagement and participation will the 
political transformation necessary for systemic sustainable governance can be 
realised.
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