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Preface 
This volume is a companion to Volume 1 of Negotiating our future: living 
scenarios for Australia to 2050, a book arising from a three-year national research 
project by a consortium led by the Australian Academy of Science, with funding 
from the Australian Research Council. The title and statement of intent for the 
project is Australia 2050: toward more environmentally sustainable and socially 
equitable ways of living. 

The first phase of the project was structured around a four-day workshop in late 
July 2011 at Bowral, NSW, involving 35 participants and leading to the present 
two-volume book. The workshop was based on the Dahlem model, a formula 
that has proved to be effective in facilitating interdisciplinary communication and 
cooperation. As applied here, this model centred on four interdisciplinary working 
groups that intensively examined the challenges of environmental sustainability 
and social equity, using four different foci: i) system resilience; ii) social and 
cultural perspectives; iii) scenarios for Australian futures; and iv) quantitative 
models. Volume 1 includes chapters reporting the findings of these four working 
groups together with an overall synthesis.

The present volume contains 14 background papers prepared before the workshop 
to review current knowledge, assess knowledge gaps and provide initial opinions 
in a range of key areas. Early drafts of these papers were circulated to all 
participants in advance in lieu of formal presentations of prepared papers at the 
workshop. The papers form a significant body of resource material supporting the 
findings presented in Volume 1. 

The 14 chapters in this volume cover a wide range of topics relevant to the 
overall theme of the workshop and the project. Chapters 1–7 describe aspects 
of Australia’s present state and trajectory, including health, population, social 
dimensions, food security and biophysical sustainability. Chapters 8–11 deal with 
the challenges of modelling the Australian system. Chapters 12–14 deal with 
scenarios and narratives and the tussle between objective realities and subjective 
aspirations in navigating the future.

All contributions (as with Volume 1) have been peer-reviewed under the guidance 
of the Workshop Steering Committee. In addition to responding to review 
comments some authors took the opportunity for major rewriting of material after 
the workshop to take account of feedback at the workshop itself and to provide 
better support for the overviews in Volume 1.

Michael Raupach, Tony McMichael, John Finnigan, Lenore Manderson,  
Brian Walker (Project Steering Committee)
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Chapter 5
Physical realities and the sustainability transition

Barney Foran  
Institute for Land, Water and Society, Charles Sturt University

In responding to the global impact of local and regional activities, sustainability 
science has become captured by economic assertions about what constitutes progress. 
Although the policy high ground of continued marginal change is entrancing, by 
compromising essential scientific truths we risk forestalling the transition to a more 
sustainable society until global and regional systems are near collapse. To contain 
this compromise, six science realities must be incorporated into any sustainability 
science. These are: i) existence and growth is physical; ii) energy is the key; iii) 
lifestyle has impacts on most physical dimensions; iv) globalisation allows the 
outsourcing of impacts; v) sustainability policy is deceitful; and vi) personal 
consumption in aggregate must substantially decline. Since the relationship between 
human development and progress can be defined in adequacy terms by per-capita 
energy use, this defines a physical space that sustainability transitions must move 
toward. By acknowledging this reality, Australia’s views on what is national progress 
must change and development trajectories must improve population health and lower 
the impact of our activities on land, water, biodiversity and atmosphere.
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1 The problem
Human influence now extends to the planet’s boundary and science ponders 
what might constitute a ‘safe operating space for humanity’[1]. In these global 
boundary issues, Australia has high impacts. For example, we are one of the 
highest per capita greenhouse emitters in the world, releasing 28.3 tonnes of 
CO2-equivalent per year. Our economy uses 900 000 litres of fresh water each 
year on a per capita basis, much of which is drawn from stressed and overused 
river basins in southern and western Australia. In global terms, Australia is seen 
as relatively water rich, despite many rivers having poor health. One detailed 
assessment of 26 000 kilometres of Victoria’s rivers and streams showed that 
only 21% were in good or excellent condition. Only one of the Murray–Darling’s 
22 river basins was found to be in good condition. Australia’s large continental 
landmass—much of it arid and relatively unused—means that much land is 
relatively intact in cover terms and satisfies clearance thresholds. About 8% is 
intensively used but trends in biodiversity loss suggest cautionary future land 
use. Among animal species, 426 are classed as threatened (55 extinct) and of 
flora species, 1324 are threatened (48 extinct) with growing threats due to habitat 
fragmentation and invasive plans and animals. At an ecological community level, 
46 communities are classed as threatened. Climate change will be a significant 
driver of threatening processes in future, highlighting the connections between 
within-country activities and pressures that accumulate at a global scale. 

All of this means that preparing Australia’s transition to global and national 
obligations for equitable impacts on atmosphere, water, land and biodiversity 
begins from some difficult starting points. The tensions displayed daily in 
political, media and business arenas between the requirements for economic 
growth, population health, regional conservation and global atmospheric care 
bear witness to many contested beliefs and possible solutions. This chapter will 
propose that physical issues should dominate both the theory and practice of the 
sustainability transition. Specifically, energy use per capita is both the essence of 
human development and the core of planetary boundary problems. The realistic 
directions for a sustainability transition are both stark and austere, and possibly 
beyond the capabilities of human decision-making today.
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2 Contested elements of the sustainability 
transition

Existence and growth are essentially physical. Given the significant 
environmental impacts that Australians have brought about in the 220 years 
of European settlement and globalised commerce, it seems trite to note that 
what makes an economy function is mostly physical and thus has effects on 
the physical world. National debate deliberately decouples the daily churn of 
interest rates, household electricity prices and federal budget deficits from the 
underpinning physical transactions that foster lifestyle and drive economic 
value adding. Thus the nation’s water accounts are organised under accounting 
frameworks different than the linked sector-by-sector arrangement of the system 
of economic national accounts. This means that water use is seen—through 
low-flow shower heads and efficient appliances—to be an urban requirement of 
100 000 litres per person per year rather than the full lifecycle cost of 900 000 
litres per year embodied in the goods and services used by affluent Australians. 
Farmers are seen to use water, rather than householders being ultimately 
responsible for the water used to produce the goods and services they demand. 
State of the Environment reports carefully avoid the unpalatable reality that 
economic growth and population growth are central drivers of impact while better 
technology and revamped institutions do little to reduce those impacts in a whole-
of-system sense.

Energy transactions are central
Energy use is the central motor of economic function and, therefore, human 
wellbeing and notions of equity, be they national, global or intergenerational. 
Modern economics mostly ignores the centrality of energy, creating a fantasyland 
where the human spirit drives productivity and horizons for the human-spirit 
enterprise are virtually limitless.

Three recent nodes of scientific analysis focus on the centrality of energy. Robert 
Ayres [2] and colleagues have used physical analysis to dissect century-long gross 
domestic product (GDP) time series for the United States and other developed 
economies. Explaining an era that began with horse-drawn ploughs and ended 
with gas turbines and nuclear energy, they show that the physical parameter 
‘work’ (horsepower or kilowatts of energy applied to the driveshaft of a vehicle) 
explains most economic productivity, sector-by-sector and in aggregate.  
The analytical treatise that won the economist Robert Solow the Nobel Prize 
explained only 20–30% of economic productivity with the factors capital and 
labour, and allocated the remainder to innovation (the ‘Solow residual’)—an 
erroneous conclusion now enshrined in public policy as multifactor productivity. 



   67    

It is true that innovation drives changes in the efficiency of energy transformation 
and the end use of that energy in homes and factories. However, it is transformed 
and delivered energy, not innovation that drives each sector’s value adding, which 
accumulates to the national performance measure of GDP.

Reiner Kummel [3] and colleagues use related physical analyses to attack an 
assumption at the core of modern economics—the factor cost theorem. Simply 
put, the factor cost theorem asserts that the most important inputs to production 
will be priced according to their productive or catalytic effect. The conundrum 
is this: energy is responsible for 50–60% of economic productivity (assessed 
on long-run analyses of the United States, German and Japanese economies) 
yet its ‘factor cost’ is only 5%, suggesting that it is underpriced theoretically 
by a factor of 10. Kummel interpolates this physical reality to the employment 
and competitive challenges now faced by developed economies in a globalised 
marketplace. Given this reality, energy taxes should replace income taxes. Then 
the factor cost theorem could operate in practice as it does in theory, and labour 
in developed countries need not be uncompetitive in price terms for many value-
adding activities that sum to the GDP measure.

Figure 1: Per capita energy consumption graphed against per capita economic product for 220 nations 
for 24 years (1980–2003) on a log scale. Individual coloured lines trace each country’s trajectory in that 
period while the heavy black line is the regression line of each country’s mean values. The line slope of 
0.76 approximates the metabolic rate of animals compared to body mass, suggesting the metaphor of a 
metabolism of nations—the more affluent the economy the bigger the energy requirement.  (Figure 1 from 
reference 5).
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The chicken-and-egg question of whether energy use drives GDP or GDP drives 
energy use has been explored through many iterations and reviews by David 
Stern [4], now of the Australian National University’s Crawford School of Public 
Policy. This intricate analysis requires that a clear philosophy guide the method 
of causative proof, and underpinning that, the assembly of the data series under 
examination. His 2010 review shies clear of absolute proof that energy use drives 
GDP, but has three central findings. Firstly, energy is central to GDP and, most 
importantly, cannot be substituted. Secondly, in the more complex analyses 
energy and GDP are seen to be so closely intertwined that they cannot  
be separated. Thirdly, the issue of decoupling society from physical impacts 
cannot be resolved by simply moving to a service economy since this requires 
complex energy-dependent infrastructure fuelled by continuous, high-quality 
energy supply, mostly electricity.

These central but somewhat theoretical insights of Ayres, Kummel and Stern can 
be viewed more practically in the 220-nation view of energy use and economic 
productivity shown in Figure 1. Developing countries cannot scale the ladder  
of opportunity and success without orders-of-magnitude increases in energy use. 
Why these insights—now well tested through time, iteration and example—are 
not more central to the sustainability narrative is puzzling. Obviously mainstream 
economics remains unconversant with the physical reality that most of its 
production quotient derives from a factor generally held outside of its theoretical 
base. The cited authors here are not published in the mainstream economics 
journals and two of them are frequently rebuffed in their pursuit of this academic 
audience.

The physical fact of energy centrality offers three lessons for Australia’s 
sustainability transition. Firstly, since energy causes or drives economic 
productivity, reducing energy use through efficiency policies and consumer 
behaviours could reduce economic productivity. This effect is currently masked 
by outsourcing many energy intensive activities, to China for example. Secondly, 
since the productivity jumps in the past have been in a physical sense due to 
improvements in energy transformation processes, the move to renewable 
energy generators, whether for electricity or transport fuel, must move current 
productivity measure backwards because renewable infrastructure is less efficient 
in a per unit-of-capital productivity sense. Thirdly, this energy centrality lies at 
the heart of Garnaut’s diabolical policy challenge for the mitigation of climate 
change—perhaps even the man himself does not fully understand it. Since the 
Industrial Revolution began, humankind’s estimates of its own worth have been 
based on fanciful theory and a core production factor, the essentiality of which 
continues to be ignored by the key actors.
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Lifestyle has impacts over most physical dimensions
Rockström’s planetary boundary concept lays out the dimensions where 
humankind will exceed the globe’s resource base or its ability to process wastes. 
The sustainability transition needs to acknowledge that most of those factors are 
directly embodied in each citizen’s lifestyle, and in aggregate for the population at 
large. Depicting the physical lifestyle of each shire and suburb in Australia against 
its yearly income shows that income/spending drives environmental impacts, 
whether at home or abroad, across three key planetary boundary indicators—
greenhouse gas emissions, water use and land use (Figure 2). While this is 
tacitly acknowledged in the politics of carbon taxation, the fact that all planetary 
boundary areas are linked through consumption and economy remains tacitly 
ignored in public policy.

Polluters, farmers and pastoralists 
are easy political targets for policies 
on emissions, water use and land 
clearance, but the average citizen—
the demander of goods and services 
through the market—is the real driver 
of impact. Introducing physical carbon 
taxes at low levels will do little to 
change society’s physical pecking order 
shown in these graphs. Unless pricing 
levels are stringent enough to bring 
aspiration under control, shopping 
will be the avenue to economic self-
determination and societal position. 
These graphs show that while the 
lowest-income suburbs are the least 
impacting on a full life cycle basis, the 
levels there for emissions and footprint 
at least are still three times the levels 
we need to transition towards in order 
to ensure global equity in impacts.

Figure 2: Environmental dimensions of the full 
life cycle (direct + indirect effects) impacts of per 
capita consumption for each shire and suburb of 
Australia. Graph shows greenhouse emissions  
(top: tonnes per capita), managed water use 
(middle: megalitres per capita) and ecological 
footprint (bottom: hectares per capita) graphed 
against per capita income (figures from [6]).
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Globalisation spreads impacts offshore
The recent announcement by the UK’s Minister for Energy and Climate Change, 
Chris Huhne’s [7], that a 50% emissions reduction by 2027 would be enshrined 
in law resulted in poll-enhancing headlines but is based on deceitful accounting 
principles. Institutionally, the United Kingdom at least has energy and climate 
change under one roof, but a report from its Department for Environment, Food 
and Rural Affairs [8] has shown that the UK’s consumer emissions have risen 
18% while its official accounts have reported reductions of 5%. Most emissions 
are outsourced to other economies, with 70% of imported emissions due to  
China, 20% to other European countries and 10% from the rest of the world.

Much of this apparent subterfuge is due to a Rio Earth Summit decision that 
emission accounting should be production-based or territorially based rather than 
consumption-based. This mixes advantages and disadvantages all round, but 
robust global accounts are now routinely available for emissions but less so for 
water and biodiversity impacts. The reality that developed countries import the 
majority of emissions embodied in international trade but avoid accounting for 
them is the anomaly undercutting climate negotiations, made more difficult to 
unravel as shopping by developed countries helps developing countries develop. 

Globalisation’s environmental complexity is illustrated in Figure 3, which 
shows Australia’s imports and exports of embodied carbon dioxide emissions 
over the last 19 years. For two-thirds of the time series Australia maintained 
a positive balance in emissions, exporting more than it imported. Since 2004, 
however, consumption and development have driven rapid increases in imported 
emissions so that the economy now occupies two less advantaged positions in 
climate negations terms, being both a high per capita producer and consumer. 
The pattern of imports shows the United States maintaining a steady contribution 
(70% merchandise and 30% services) over the period but also reveals a rapid 
rise in China’s recent contribution (90% merchandise and 10% services), as 
manufacturing and employment were outsourced to China because of their 
scale and wage advantages. How to reconcile these complexities is difficult, 
especially if the global boundary issues of land use, water and biodiversity are 
added to emissions. Globally scaled and finely detailed trade analysis is now 
commonplace, making integrated production chains more transparent to policy 
and thus open to regulation, border tax adjustments and moral suasion.
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Sustainability policy—mostly talking the talk
The dominant economic beliefs treat many environmental resources as free 
goods, ensuring that sustainability policy is misguided and based on narrow 
accounting protocols. Thus mainstream environmental advocates must adhere 
to dominant beliefs that might change the system only marginally. Current 
proposals for carbon pricing that won’t alter the slope of the relationships in 
Figure 2 are a good example of marginality. The recent Sustainable Australia—
Sustainable Communities [10] population policy is another non-policy resting on 
no integrated analysis and reporting scant sustainability data. Comprehensive and 
integrated physical datasets are not kept across all jurisdictions and thus there is 
by definition no possibility of charting environmental improvement or decline.

Figure 3: Carbon dioxide emissions embodied in trade imports to Australia (top graph) and trade exports 
from Australia (bottom graph) for the 10 most important countries in each category for the period 1990 to 
2008. (Source: Eora Global Model, ISA Group, University of Sydney [9]).



72

Yet the sustainability long game relies on maintaining strong links to the  
status quo along with comprehensive data and rule-of-thumb policy principles. 
This requires consummate political skills, the ability to avoid compromise 
and to resist entrapment by the status quo. Dispassionately maintaining core 
science disciplines while they are dismembered by political and industry attacks 
requires a principled and resolute perfection, qualities not often found in a single 
sustainability practitioner. Going ‘feral’ even in one moment of weakness makes 
the retrieval of former influence very difficult.

Personal consumption in aggregate is the key
Because personal consumption drives economic growth and advancement 
any theory that suggests limiting consumption is not politically appealing. 
Theory suggests that each individual, community and nation in the developed 
world must at least halve or even quarter the physical implications of their 
yearly lifestyle. Descriptions of a future weightless economy are fanciful 
from a physical perspective when they describe service workers in densified 
cities transiting by light rail to a dwelling where the inmates consume an ever-
growing take-home pay with declining impact. Physically, it is true that affluent 
spending has marginally lower impact per dollar of spend but the much larger 
volume of spending makes efficiency quotients irrelevant in absolute terms. 
Public policymakers still quote a hypothetical inverted U-shaped relationship 
where impacts are lowest for lowest and highest spenders, and largest for 
those caught in a medium lifestyle/technology netherworld [11]. Fully trade-
corrected consumption analyses show no evidence for an environmental Kuznets 
relationship. Science unpicked this fanciful Kuznets’ curve hypothesis three 
decades ago by finding that overall impact rises incrementally with volumetric 
spending over all categories (construction, shelter, food, clothing manufactured 
products, mobility services and trade). However, public policy retains its 
immunity to these unpleasant facts.

3 Science background to this position
Whole-economy science and the evidence base
The evidence base for the proposals here were developed throughout a series  
of future-orientated, whole-of-economy studies focused on human population 
policy (Future dilemmas [12]), life cycle analyses of all economic sectors 
(Balancing act [13]), marine fisheries (Fish futures [14]), agricultural production, 
land and water resource (Decision points [15]) and the low carbon transition 
(Powerful choices [16]).
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The simulation systems and models used here were science-based, effectively 
implementing the physical laws of thermodynamics and mass balance within 
and around the function of Australian economic system. The Australian Stocks 
and Flows Framework [17] used for Future dilemmas, Fish futures and Decision 
points was the most comprehensive and expensive of these. Balancing act was 
based on environmentally and extended input-output analysis and could or should 
become the standard for sector-based environmental and social accounting within 
the system of national accounts. Powerful choices simulated economic function 
from an embodied energy perspective (the chain of energy transactions required 
to bring a good or service to the point of purchase) and allowed simultaneous 
accounting of economic, physical and pollution issues.

Almost uniformly, the initial policy reaction has been to bury or ignore these 
reports, which in some ways gave them an attractive notoriety and thus helped 
their spread, but their effectiveness in policy terms remains low. The rot continues 
with the burying of the Physical implications report [18], an expanded update 
on the original human population study. Both tactical and strategic issues are 
important here. The immediate tactics of client and political engagement in most 
of the studies could have been improved, but not in paid contracted time given 
the always marginal nature of the funding contracts. Strategically, the bigger 
issue is that economic and political thought does not really accept in their day-
to-day deliberations the concepts of limits and physical laws that might restrain 
optimism and growth.

Six rules for sustainability
The tens of thousands of simulation runs underpinning these reports fostered a 
distillation into principles of sustainability to entrain a common understanding 
of dynamics, structure, knock-on effects and unintended consequences that 
regularly fell out of the modelling procedures.

The six principles derived so far, are as follows:

1. Stabilise physical consumption and the human population that drives it.

2. Constrain the flows of the grand elements (carbon, nitrogen, phosphorus and 
sulphur) and managed water.

3. Base society on cycling and reuse (flows) rather than virgin materials 
(stocks).

4. Shorten supply chains.

5. Engineer society for durability and resilience.

6. Have taxes tell the truth.
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The ‘consumption and population’ principle rests firstly on the need to stabilise 
human population with an adequate age structure to balance workers and 
nonworkers. The ‘grand element’ principle is now enshrined in the planetary 
limits work with core importance for climate change (C) and the long-term health 
of agricultural soil and water bodies (N, P, H2O). The ‘cycling and reuse’ principle 
should guide design for suburbs, waste treatment, water management and food 
systems. ‘Shortening supply chains’ aims to localise employment, provide human 
waste for agricultural soils and regionalise the closing-the-loop concept in the 
previous principle. The ‘durability and resilience’ principle aims to ‘do it right 
the first time’ in the design of appliances, houses, suburbs and cities and to slow 
down the churn central to the throwaway society, the waste stream and economic 
growth. Having ‘taxes tell the truth’ suggests an integrated physical taxation 
scheme based on the embodied carbon, water and land in the consumption 
activities of every household. A draft documentation of the ‘taxes’ principle [19] 
proposes that its implementation at the cash register through the GST system 
could raise $20 billion per year, penalise the purchase of high-impact items, do 
away with payroll tax (the double dividend return promised by environmental 
taxation) and leave $5 billion per year for environmental refurbishment. Given the 
political pain today of a $20–$30 per tonne carbon tax, this principle may seem 
the most foolhardy of all.

A low-carbon transition example
The incompatibility of the business-as-usual trajectory for key sustainability 
elements is shown briefly in explorations of Australia’s transition to a low-carbon 
economy by 2051. The studies compared a renewable-energy transition with a 
best conventional–fossil plus nuclear transition. Both transitions competently 
reduced the stock of greenhouse emissions over the 45-year period by 60% and 
maintained economic growth rates in line with Australian Treasury expectations.

However, on a per capita basis neither the renewable nor best-fossil scenarios 
could lower net emissions below 12–15 tonnes per year, well in excess of the 
3–5 tonnes required for the globe to achieve atmospheric stabilisation under 
a ‘contraction and convergence’ scheme that provides per capita equity for 
developed and developing worlds. It is only with economic growth rates of 
less than 1%, effectively stabilising volumetric GDP in constant dollar terms at 
today’s level, that territorial emissions can trend down towards the ideal level of  
4 tonnes per capita by 2051 (Figure 3).

These results are problematical from four perspectives. Firstly, they are not 
acceptable in today’s political economy terms and will be dismissed by core 
players in national decision-making. Secondly, they disagree with the dominant 
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narratives from both the Nicholas Stern and Ross Garnaut reviews which assert 
that, while humanity’s situation is perilous, growth can continue unchecked 
providing carbon is priced and innovation given free rein. Thirdly, the models 
may be incorrect wholly or partially, and certainly some of the assumptions are 
open to close questioning. Fourthly, the successful scenarios dictate that personal 
consumption in physical terms be halved compared to the business-as-usual 
option and that our households embrace a physical lifestyle (energy, emissions, 
materials etc.) similar to that experienced in the early 1980s. In science terms, 
using proper accounting protocols that obey physical laws, these results are 
somewhat unsurprising and report somewhat repetitively, core learnings from  
The Limits-to-Growth era and legions of analysts last century such as Lotka, 
Soddy, Georgescu-Roegen, Tainter and many others.

Figure 4: Carbon dioxide emissions (top graph) and gross domestic product (bottom graph) for the 
Australian economy for two low-carbon transitions (aggressive renewables, low-growth renewables) 
compared to the base case scenario [20].
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Figure 5: Development trajectories for six selected countries showing the HDI (y axis) against primary 
energy use (x axis GJ per capita) and carbon emissions (x axis-tonnes C per capita). (Source: Figure 4 [21].
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4 Focus on the core pathway: energy is the key
The United Nation’s Human Development Index (HDI) (components: life 
expectancy, education, income) shows that adequate levels of development can  
be attained at energy-use levels less than one-quarter that of high energy users 
such as the United States and Australia [21] (Figure 5). High per capita energy 
use is often correlated to a range of poor population health outcomes such as 
a looming epidemic of obesity and diabetes. This is true for the United States 
and Australia currently with 35% and 30% obese individuals respectively. The 
relationship is not universal. However, as higher energy-user Japan (5% obese) is 
distinct from Spain (20% obese) and Costa Rica (30% obese). 

Nevertheless these graphs show unequivocally that core human development 
objectives can be met at a per capita energy use between 30 and 60 GJ yearly. 
Currently, Australian lifestyles drive an energy use of 315 GJ per capita 
suggesting that human needs can be met at 20% of current energy use and fossil 
carbon emissions less than one tonne of carbon (3.7 tonnes CO2) per capita yearly. 
The study from which Figure 5 is drawn projects the increasing efficiency with 
which HDI levels are attained and suggests that by 2030 adequate HDI is possible 
with much lower energy use and carbon emissions, even allowing for expected 
population growth.

The obvious caveat is that high energy-use countries will not retrace their 
development pathways along the energy-use gradient without considerable 
acrimony and a fundamentally different economic structure. The case for 
developing countries to further develop while expanding energy use and carbon 
emissions is graphically obvious given the orders of magnitude difference of  
the high energy users and their impact on atmospheric carbon loadings.

Australia’s prospects for change seem bleak when seen in the context of the 
world order depicted here. Its current second-place ranking in HDI terms comes 
with high-energy use, leading-edge carbon dioxide emission and related crises 
in biodiversity, land and water. It is possible that the decarbonised economic and 
physical structures described previously can reduce energy use, maintain human 
development and reduce national impacts on regional and planetary boundaries. 
In fact the low-growth, low-carbon economy does just that, giving per capita 
energy use similar to that of the early 1980s. Thus dejouling the economy  
while lessening impacts on planetary boundaries should be the essential goal  
in designing Australia’s sustainability transition.
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