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Educational Aims of Lectures in Unit 1
Lecture 1: The Call for Sustainable Development
To provide the context within which the call for sustainable development arose. In its 2003 report, ‘Sustainable Development in a Dynamic World’, the World Bank summed up why so many people are now concerned with achieving sustainable development, 
 
The next 50 years could see a fourfold increase in the size of the global economy and significant reductions in poverty, but only if governments act now to avert a growing risk of severe damage to the environment and profound social unrest. Without better policies and institutions, social and environmental strains may derail development progress, leading to higher poverty levels and a decline in the quality of life for everybody.

Lecture 2: What has lead to a lack of Sustainability?
To develop an understanding of the core reasons for the current unsustainable situation. To also cover some of the reasons why there are ever increasing pressures on the planet’s ecosystems and natural resources to provide enough for the increasing global population. Fundamentally, modern society’s development is unsustainable, as the real cost of these increasing pressures - and further increasing negative social and environmental impacts in the future - are not included in the price of goods and services.

Lecture 3: Sustainability as a Driver of Innovation
To present theory regarding the next ‘wave of innovation’ and the emerging critical mass of enabling technologies that will achieve business competitiveness, improved economic growth and a more sustainable world. To explain that the transition to a sustainable economy, if focused on improving resource productivity through innovation, may actually lead to higher economic growth than business-as-usual. At the same time, it may also reduce environmental pressures and enhance employment. To also show that the rapid uptake of this next wave of innovation in sustainable development (to ensure development occurs within ecological limits) will depend significantly on the action of engineers. Hence it is vital that engineers are literate and trained in all these new methods to help society achieve sustainable development in the near future.

Lecture 4: Emerging Technological Innovations 
To provide some examples of technological innovations that are beginning to drive what we have referred to as ‘the next Industrial Revolution’, for sustainable development. To also note the importance of existing innovations that may have the potential to be dramatically transformed.

Educational Aims of Lectures in Unit 2
Lecture 5: Efficiency – Resource Productivity Improvement 
To demonstrate that efficiency – doing more with less for longer - is a positive first step towards sustainability. To introduce the concept of efficiency and explain how it leads to efficiency gains for firms, increased profitability and other benefits. To explain why efficiency on its own will not be enough to achieve sustainable development. 
The topic of efficiency will be further developed in ‘Role of Engineers in Sustainable Development B’ and ‘The Role of Efficiency in Sustainable Development’, discussing in detail how to achieve sustainability benefits from efficiency through providing further checklists and further online resources to assist the engineer and designer.

Lecture 6: Role of ‘Systems’ for Sustainable Development  
To introduce the main concepts of Whole System Design (WSD) and show how WSD builds on from and complements design for environment and design for sustainability strategies. To introduce a ten step operational checklist for implementing WSD into engineering practice.

Lecture 7:  The Concept of Biomimicry – An Historical Context
To introduce the emerging field of Biomimicry and explains why it is such a powerful tool for innovation. Building on from knowledge gathered over centuries of harvesting and harnessing nature, engineers and designers are now exploring the exciting field of emulating nature’s successes to assist sustainable development. Biomimicry is a tool for innovation to assist engineers and designers to move past efficiency and design sustainable systems learning from nature.

Lecture 8: Green Chemistry and Engineering – Benign by Design 
To provide an overview of how chemical engineers, often working with chemists, are applying Green Chemistry and Green Engineering principles to play a key role in assisting business, the economy and society achieve sustainable development.
Educational Aims of Lectures in Unit 3
Lecture 9: Rethinking the Application of Engineering and Design Principles
To discuss the need to rethink the way we apply engineering principles to solve problems. This need is being increasingly recognised by engineering institutions, scientific communities, the corporate sector and government organisations around the world. For sustainable engineering solutions to occur, we need to reconsider engineering curricula, problem scoping methodologies and role descriptions in the workplace. 

Lecture 10: Creating Value from Sustainable Development
To provide the argument to present to a CEO or company board convincing them that efficiency and sustainable development, as well as being the right thing to do, can also be highly profitable. While many business people now understand the basic business case for improved efficiency what is provided here is an overview of some of the most important studies proving that what is good for the environment can be good for the bottom line too.  

Lecture 11: A  Whole of Society Approach
There is much that engineers, built environment professionals, and business people can do to achieve sustainable development by supporting the efforts of government and even leading the way for government initiatives to follow. Here we will present ways in which governments can contribute to the transition to a more sustainable society. Engineers and built environment professionals should play key roles in assisting governments to provide reliable information on engineering related matters now and in the future.  

Lecture 12: Effective Communication and Engagement
When considering a whole of society approach, it is essential to have a strategy to deal with the myriad of stakeholder groups that may be represented in a given project. Strategic Questioning is provided as an example of an effective communication mechanism that can facilitate ‘contextually sensitive’ positive outcomes for projects and decision makers. The multi-stakeholder engagement work by Alan AtKisson is also presented as an example of an engagement mechanism.
Setting the Scene
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Where Has Sustainability Come From?

A Geological Perspective

The following text excerpts are drawn with permission, from a presentation delivered by Molly Harris-Olsen to the 2005 Outdoor Education Conference (Tallebudgera, Australia, July 2005).  

Today I want to challenge you to ‘Think like a Mountain’, to look back over the last 4.5 billion years, and forward to the next 1000 years of planet Earth. I want to challenge you to step out of your comfort zone, to contemplate the evolution of the planet that brought you here and grapple with the enormous challenges we face today. I want to challenge you to imagine what a sustainable civilisation will look like in the year three thousand (3000). Humanity in all its wonderful diversity, living on an ecologically rich, climate stable, healthy, peaceful planet Earth.

John Seed and Joanna Macy in their ground breaking book titled Thinking Like a Mountain  created one of the earliest modern methods of changing the way we look at the world and humanity’s place in it. The workshops that they began in the 1980s called ‘Towards a Council of all Beings’ included a meditation of ‘Evolutionary Remembering’, it begins:

Let us go back, way back before the birth of our planet Earth, back to the mystery of the universe coming into being. We go back to a time of primordial silence… of emptiness… before the beginning of time… the very ground of all being. From this state of immense potential, an unimaginably powerful explosion takes place… energy travelling at the speed of light hurtles in all directions, creating direction, creating the universe. It is so hot in these first moments that no matter can exist; only pure energy in the form of light… thus time and space are born. Using a compressed time scale (one day = 750, 000, 000 years), the Earth is formed out of the solar nebula Sunday at midnight, the beginning of the 1st day. All day Monday is spent getting geologically organized. There is no life until Tuesday noon. Amazingly, life, beginning with that first prokaryote cell in the primordial oceans, lifts itself by its own bootstraps, and survives!

About Wednesday at midnight, photosynthesis gets going into high gear. Early Thursday morning in the wee hours, the eukaryote cells appear. Life begins then to really flourish and evolve into more complex forms. By Saturday morning (the sixth day, the last day of creation) there’s finally enough oxygen that the amphibians come onto the land, and there’s been enough chlorophyll manufactured for the fossil fuels to begin to form. Around four o’clock Saturday afternoon, the giant reptiles begin to appear. They hang around for quite a long time as species go, until 9:55pm, nearly six hours. Humanity should be so lucky.

About 20 minutes after they are gone, at 10:15 pm Saturday night, the primates appear. The Grand Canyon begins to take shape 16 minutes before midnight. Australapithecus, the first species on our branch off the main primate tree, shows up at 11:53 pm, seven minutes ago.  Homo Sapien Sapien arrives at 11:59:54 pm – that is us!  

Arriving on the scene just six seconds ago! ‘Let the party begin!’  with just a little over one second to go, 1.2 seconds in geologic time, we (i.e. our forbearers) throw off the habits of hunting and gathering to become farmers, and begin to change and sacrifice the environment to suit, and feed our appetites... one fortieth of a second ago, the industrial revolution ushers in the age of technology; an eightieth of a second ago, we discover oil (the party picks up steam); one/two-hundredth of a second ago, we learn how to split the atom. The party gets very dangerous indeed. And now it’s midnight, the beginning of the seventh day.  

The Union of Concerned Scientists, numbering some 2000 (including more than 100 Nobel Laureates), say we have ‘one to a few’ decades to reverse course. In other words, the next 200th of a second will be decisive; the time since we learned to split the atom, that short span of time projected not backward, but into the future, will decide our fate.  

John Seed and Joanna Macy, 1998

Looking Back at Sustainability Discussions 

When was the first articulation of engineering for sustainable development? Most would expect this occurred sometime during the 1960s or 1970s. In fact, the first documented articulation about the need for engineers to design sustainably and with awareness of the needs of future generations (intergenerational equity), comes from Professor Svante August Arrhenius (1859–1927) in his work, Chemistry in Modern Life (1925).
 Arrhenius was the Director of the Nobel Institute in Sweden at the time that he wrote, 

Engineers must design more efficient internal combustion engines capable of running on alternative fuels such as alcohol, and new research into battery power should be undertaken… Wind motors and solar engines hold great promise and would reduce the level of CO2 emissions. Forests must be planted… To conserve coal, half a tonne of which is burned in transporting the other half tonne to market… so the building of power plants should be in close proximity to the mines… All lighting with petroleum products should be replaced with more efficient electric lamps.

Professor Svante August Arrhenius, 1925

Arrhenius called for the amount of waste from industry to be reduced, to ensure that future generations could also meet their needs for living. He argued that the industrial world had given rise to a new kind of international warrior, who he called the ‘conquistador of waste’. Arrhenius wrote, 

Like insane wastrels, we spend that which we received in legacy from our fathers. Our descendants surely will sensor us for having squandered their just birthright… Statesman can plead no excuse for letting development go on to the point where mankind will run the danger of the end of natural resources in a few hundred years.
Arrhenius invoked the chemist’s commandment ‘Though Shall Not Waste’ to argue that legislation be enacted aimed at both reducing consumption and promoting conservation. Arrhenius above all believed in humanity’s capacity for innovation and foresight to solve these problems: 

Doubtless humanity will succeed eventually in solving this problem… Herein lies our hope for the future. Priceless is that forethought which has lifted mankind from the wild beast to the high standpoint of civilized humanity.

He also saw the danger of resource wars, fearing a return to ‘dark times’ after the end of World War One: 

Concern about our raw materials casts its dark shadow over mankind. Those states which lack [them] throw lustful glances at neighbours, which happen to have more than they use. Still more tempting is the desire for gain from lands on the other side of the seas, inhabited by uncivilized natives, with interest unawakened in guardianship.

Recognition of Ecological Limits 

There have been many interesting findings about the way forests and trees were managed by villages in India in ancient times, and their careful methods of harvesting medicines, firewood, and building material in accordance with natural renewal rates. There is now a database being built of these 'sacred groves' across India. The Indian (Indus-Sarasvati) Civilisation was the world's first to build planned towns, with underground drainage, civil sanitation, hydraulic engineering, and air-cooling architecture. Oven baked bricks were invented in India in approximately 4,000 BC. From complex Harappan towns to Delhi's Qutub Minar and other large projects, India's indigenous technologies were very sophisticated in design, planning, water supply, traffic flow, natural air conditioning, complex stone work, and construction engineering. 

Comparatively, it was a fuel crisis which led Ancient Greeks to use passive solar energy by orienting toward the sun. Greeks planned whole cities (Priene for instance) so all homes had access to sunlight during winter. John Perlin and co-author Ken Butti have written a history of passive solar design in A Golden Thread - 2500 Years of Solar Architecture and Technology;
 an approach to heating and cooling homes through simple devices and architectural design rather than mechanically operated systems.  

Note: Students may be interested in exploring the successes and failures of past civilisations in Jared Diamond’s book ‘Collapse: How Societies Choose to Fail or Succeed’.
 The chapter on Australia’s journey and the final chapters provide a good snapshot of his argument - that there is nothing inevitable about the survival of a civilisation, and that population and material consumption are currently outrunning the planet’s capacity. Diamond’s hypothesis is that a common factor in civilisation decline is environmental decline that is ignored by the population and its leaders.

Past Developments Powered by the Sun 

Before the industrial revolution, many societies used renewable solar energy from the Sun as the cheap energy source. For instance, wind-driven mills were used as early as 700 AD in Persia for irrigation and milling grain. Solar power was used in everything from sailing boats and ships, to passive solar designed homes/buildings, to the drying of bricks for buildings, to the burning of biomass for the refining of metal and the making of swords. 

In the early 1600s the rising cost and scarcity of wood led to authorities in England looking for alternative energy forms as well as a cheaper and more efficient means of transporting them to the capital. Engineers, politicians and the general public became aware that the amount of forests being cut down for building materials, furniture, heating fuel, and for the needs of industry and the military was unsustainable. 

In 1603 James the First of England ordered that clean burning anthracite coal be burned in the fireplaces of his household. With the King of England setting the example, by 1700 London had made the transition from a wood burning city to one that relied mainly on imported coal. In 1784 when Benjamin Franklin visited Europe, he noted that the switch from wood to coal had saved what remained of England’s forests and he urged France and Germany to do the same. Scientists and engineers at the time were not aware of the scale of impact that the burning of coal could contribute to climate change. 

Early Alarms over Burning Fossil Fuels

Guy Challender, a coal engineer, was one of the first to sound the alarm over increasing CO2 levels in the Earth’s atmosphere. Challender measured Carbon Dioxide (CO2) levels in his spare time during the 1930s-1940s as well as researching historic CO2 levels. When he realised they were increasing in the Earth’s atmosphere he warned that burning fossil fuels would contribute to global warming. In the 1950s scientists explored the science behind why CO2 was not being significantly absorbed by the oceans and with Challenger’s empirical results, began recent efforts to understand and address climate change.   

But it was not until 1987 that a critical mass of people round the globe realised how far greenhouse gas emissions were overshooting the planet’s ecological limits. In 1987 Antarctic results showed that the Earth’s atmospheric concentrations of CO2 and another greenhouse gas, methane (CH4), were well above the historic levels of the last 160,000 years. It was concluded that significant ‘Factor 10’
 type reductions in these emissions would be needed to bring the planet back within its ecological limits. 
Why Do We Need to Think ‘Sustainably’?

A key aspect to understanding why sustainability is so important, is understanding ecological system limitations and thresholds, so we can design within these systems.  Although the planet is a complex system, our understanding has improved by orders of magnitude in the last two centuries. Raymond J. Cole, from the University of British Columbia cautions that, ‘irrespective of the social and economic context, the health of the biosphere is the limiting factor for sustainability’.

The following information provides a brief overview of the related background material. For a detailed description on the content of this part refer to Chapter 2, pages 36-42 of The Natural Advantage of Nations. 

The State of the Atmosphere 

According to the International Panel on Climate Change (IPCC), effects on climate due to pollution, land clearing and the industrial economy are now very apparent. As shown in Figure i and Figure ii below (based on air extracted from ice cores drilled in the Antarctic ice-cap), we appear to be experiencing a peaking of the natural cycle of greenhouse gases and temperatures, and to this peak we are adding more greenhouse gases from human activities. 

[image: image1.png]CO; (ppm)

wo | @ amim..
300
280

1000 1200 1400 1600
year

1800

2000

1800

1400

1000

600

CH, (ppb)




Figure i. Changes in atmospheric carbon dioxide and methane concentrations in the atmosphere, in the last millennium. 

Source: Etheridge et al (1996), pp 4115–4128
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Figure ii. Plot of CO2 Concentrations and Temperature from 400,000 years ago to 1950.
Source: Petit, J. et al (1999), pp 429-436

When considering Figure i and Figure ii, two points can be made:

1. In 2006, CO2 levels in the atmosphere were at 380 parts per million (ppm) - they have not been above 300ppm for at least 400,000 years. Further, data based on isotope ratios in marine micro fossils suggests strongly that CO2 levels have not, in fact, been much above 300ppm for around 23 million years.

2. CO2 pumped into the atmosphere will remain there for 80 to 100 years and so will influence temperature and contribute to the greenhouse effect long after its release. This means that even if new emissions of carbon dioxide are reduced the overall concentration of CO2 will continue to increase as the continuing emissions combine with background levels. 

The International Panel on Climate Change (IPCC) concluded in their 2001 report that at whatever level global warming is stopped, it will require a 70 percent cut in global emissions to do so. According to Dr Pearman, former chief of the CSIRO's Atmospheric Physics Division and Australia's representative on the Intergovernmental Panel on Climate Change (IPCC), ‘we don't have that much longer’. These conclusions may seem extreme but they come from a detailed understanding of atmospheric science and the future global trends in development, material and energy flow. 

Stabilising concentrations at double the pre-industrial levels will require deep cuts in annual global emissions, eventually by 60 percent or more. To achieve stabilisation of atmospheric CO2 concentrations at 550 ppm (double the ‘natural’ levels of CO2) it is necessary to reduce emissions by 40-60 percent by the end of the century, and 65-85 per cent by 2150. Further reductions will be required beyond 2150.

International Panel on Climate Change, 2001

Climate Change Scenarios 

Some students may have seen fictional dramas like the movie The Day After Tomorrow directed by Roland Emmerich.
 Although climate change in these types of fictional movies is often highly dramatised for viewer entertainment, the possible consequences of planetary climate change are increasingly popular topics of discussion and the IPCC has developed a number of climate change scenarios to evaluate future impacts. These scenarios show that even if it is assumed that rapid changes in economic structure and technology are adopted, CO2 concentrations will double by the end of the century, resulting in an increase in average global temperatures of around 2°C and a sea-level rise of 30cm. 

The IPCC sums up by stating, ‘the climate system is subject to great inertia so that stabilization of CO2 concentrations, at any level, requires eventual reduction of global CO2 net emissions to a small fraction of the current emission level’.
 Therefore it is vital that efforts to reduce greenhouse gas emissions start sooner than later. The IPCC clearly states that, ‘the greater the reductions in emissions and the earlier they are introduced, the smaller and slower the projected warming and the rise in sea levels’.
 Doubling of atmospheric concentrations of CO2 is forecast to cause a rise in global warming in the range of 1.4-2.6°C by the end of the century.
 The loss of ecosystem services from global warming may well be the largest hidden consequence and cost of greenhouse gas emissions to the global economy.  

When talking about global temperature rises in the order of 1-2°C it is easy to think that this is negligible and the impacts will be minor. However as the following table from the CSIRO shows, small increases in global temperature are expected to have massive impacts across a range of ecological and social areas in Australia. 
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Table i. Summary of climate change impacts on Australia across selected areas.
Source: CSIRO Marine & Atmospheric Research (2006)

The 2006 Stern Review states, ‘Carbon emissions have already pushed up global temperatures by half a degree Celsius. If no action is taken on emissions, there is more than a 75% chance of global temperatures rising between two and three degrees Celsius over the next 50 years. There is a 50% chance that average global temperatures could rise by five degrees Celsius.’ The following Figure (iii) from the Review correlates to the levels of greenhouse gases in the atmosphere with the expected impacts across a range of factors such as food, water and ecosystems.
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Figure iii. Stabilisation levels and probability ranges for temperature increases.

Source: Stern, Sir N. (2006)

Research published in Science in 2005 indicates that for 650,000 years Carbon Dioxide (CO2) levels have been at, or less than, 260 parts per million (ppm).
 Up until the Industrial Revolution, CO2 was the most significant contributor to global warming of the various types of Greenhouse Gases (GHG) - although methane has a Global Warming Potential (GWP) of 21 times that of CO2 it has a much shorter atmospheric lifetime. Since the Industrial Revolution, industrial processes have created and emitted new forms of potent GHG’s such as Nitrous Oxide (with a GWP 310 times that of CO2 lasting 150 years), Hydrofluorocarbons (GWP x11,700, lasting 264 years), Perfluorocarbons (GWP x9,200, lasting 10,000 years) and Sulfur Hexafluoride (GWP x23,900, lasting 3,200 years). The research indicates that in 2006 CO2 was at 380ppm. When combined with the other GHGs being emitted, the equivalent level of CO2 (shown as CO2e) is currently 430ppm and is rising at more than 2ppm each year.
 

George Monbiot, in his 2006 book, Heat: How to Stop the Planet from Boiling,
 argues that ‘to avert catastrophic effects on both humans and ecosystems, we should seek to prevent global temperatures from rising by more than two degrees above pre-industrial levels, as two degrees is the point at which some of the most dangerous processes catalysed by climate change could become irreversible’. Monbiot suggests that these impacts include the drying out of many parts of Africa, and the inundation of salt water into the aquifers used by cities such as Shanghai, Manila, Jakarta, Bangkok, Kolkata, Mumbai, Karachi, Lagos, Buenos Aires and Lima. Researchers at the Potsdam Institute for Climate Impact (Germany) have estimated that holding global temperature change to below two degrees means stabilising concentrations of greenhouse gases in the atmosphere at or below 440ppm equivalent CO2 (CO2e). Therefore if the Stern Review estimate of 430ppm of CO2e is accurate then greenhouse gas concentrations cannot increase much more than they are today if we are to avoid serious damage to the world’s ecosystems. 

How likely is this to happen based on current trends? Monbiot points out that ‘according to a paper published by scientists at the Met Office we currently produce around 7 billion tonnes per year of carbon dioxide’,
  let alone the other five types of GHG. The Meteorological Office paper suggests that, ‘the current total capacity of the biosphere to absorb this CO2 is 4 billion tonnes a year’.
 Therefore we need to at least reduce our emissions from seven billion tons to four billion tonnes (i.e. by 43 percent) to stay within the current biospheres capacity. One of the many complicating factors when considering climate science is that the capacity of the biosphere will reduce non-linearly as the impacts of global warming affect the planets ecosystems. The Met Office paper goes on to suggest that ‘by 2030 the capacity of the biosphere will reduce to 2.7 billion tonnes’. Therefore we need to reduce the current seven billion tonnes produced per year down to 2.7 billion tonnes a year (i.e. by 62 percent) by 2030. 
The Stern Review states that most climate models show a sobering reality: that we will actually increase rather than decrease levels and reach approximately 560ppm CO2e sometime between 2030 and 2060 - effectively a doubling of the pre-industrial levels. This is expected to result in a warming of at least 5°C.  

On a global scale [this] would be far outside the experience of human civilisation … such impacts as the Greenland or West Antarctic Ice Sheets melting [would commit] the world to a sea level rise of between 5 and 12 metres.

Sir Nicholas Stern, 2006

As Al Gore points out with vivid clarity in his acclaimed film, An Inconvenient Truth, information such as this tends to have two effects on people, either denial or despair, both resulting in little or no action. The main risk is that people will shift quickly from denial to despair and miss the opportunity space in between. What will help, is every person in a position to influence doing all they can as fast as they can, in the hope that what survives our development experiment is capable of maintaining life as we know it.

Addressing Global Warming
 

Hunter Lovins, President of Natural Capitalism Solutions, dedicates her life to demonstrating that a wide array of opportunities exists to reduce emissions of greenhouse gases (GHG) and save energy in ways that reduce cost and confer substantial competitive advantage to companies that embrace them. However she has found that too few corporate executives are aware of such opportunities; let alone how to capture them. Working with our team from The Natural Edge Project on strategies to reduce greenhouse gas emissions for the Chicago and European Climate Exchanges Hunter Lovins has concluded that the struggle to understand the science of complex carbon cycles has afforded business leaders and politicians the luxury of waiting. And, for better or for worse, that time has passed.  

In the report to the climate exchanges in March of 2005 Hunter Lovins and The Natural Edge Project highlighted the following points:
1. Science has revealed deeper trouble and shorter timelines for solving global warming problems than had previously been thought. In January, 2005, Dr. Rajendra Pachauri, the chairman of the Intergovernmental Panel on Climate Change (IPCC), the international scientific body charged with establishing the science of climate change, told an international conference in Mauritius attended by 114 governments that global warming has already hit the danger point that international attempts to curb it are designed to avoid. Pachauri stated that he personally believes the world has ‘already reached the level of dangerous concentrations of carbon dioxide in the atmosphere,’ and called for immediate and ‘very deep’ cuts in emissions. 

Pachauri cited a multi-year study by 300 scientists which showed that the Arctic was warming twice as fast as the rest of the world, and that its ice cap have shrunk by up to 20 percent in the past three decades. Remaining ice is 40 percent thinner than it was in the 1970s and is expected to disappear altogether by 2070. The levels of carbon dioxide have leapt abruptly over the past two years, suggesting that climate change may be accelerating out of control. Pachauri stated that because of inertia built into the Earth's natural systems, the world is now only experiencing the result of pollution emitted in the 1960s, and much greater effects will occur as the increased pollution of later decades work their way through. Carbon released into the atmosphere today will still be insulating the earth for decades. Pachauri concluded: ‘we are risking the ability of the human race to survive.’ 

2. To adopt an aggressive climate strategy is equally important for business, as competent greenhouse gas management is becoming a proxy for competent corporate governance. Leaders already capturing the sustainability advantage often start because they realise that acting now is actually a ‘no regrets’ strategy - if climate change turns out to be real, they will already be in a leadership position in dealing responsibly with it, but even if the scientists are wrong and there is no threat to the climate, these are actions they want to take anyway, because doing so is profitable. In a world that overwhelmingly recognises climate change as a serious threat, behaviour that ignores it is becoming seen as irresponsible. 

Far from being a burden, recent studies in the United Kingdom and Australia show that deep cuts in carbon emissions are achievable and affordable. Organisations in the U.S. have also undertaken studies on how to reduce greenhouse emissions significantly over the next 30-50 years,
 while in the U.K. the Blair Government has released a detailed plan for how a 60 percent reduction in emissions might be achieved. There are now over 13 major studies showing how nations could achieve deep cuts in greenhouse emissions cost-effectively and even profitably.

In a landmark speech, Tony Blair remarked that, 

[The Scientists have] said that by using known technologies, or those very close to market, the world could reduce emissions by over 60 percent. This would not involve huge shifts in the economy, or enormous changes in lifestyles. It would allow developing countries to increase emissions, in the medium term, on a conventional development path. And it could be achieved gradually, over a period of years by 2050. There is huge potential from wind, wave and other renewable technologies. Improving the efficiency with which we operate our energy processes also offers enormous savings - up to half our energy use could be saved by the use of known efficiency techniques.

Tony Blair, PM Great Britain, 2003

Even a cautious study by the UK’s Department of Trade and Industry concluded that the economic costs of reducing emissions in the UK would be small, costing approximately six months of GDP between now and 2050.
 And these calculations made no effort to tabulate the benefits of climate action. The study found that, if phased in over 50 years, the economic impacts do not impose significant costs on the economy but rather, it can create more energy-efficient businesses, less congested traffic in cities, and new export opportunities for firms and nations that lead the charge. European nations such as the UK, Sweden, France, Denmark, and The Netherlands have already made significant reduction commitments of approximately 60 percent by 2050. 

Sweden, for example, has called for a European-wide target of 60 percent by 2050. France has also taken a very aggressive position regarding its longer-term commitment, promising to reduce emissions by 75 percent by 2050. Denmark, meanwhile, has renewed its commitment to a 21 percent reductions target by 2010, with wind already generating 20 percent of its electricity needs. 

Globally, numerous companies and communities are achieving their GHG reduction targets ahead of schedule, and are achieving higher than expected returns on investment. In the UK, a range of companies, many from the heaviest industrial sectors, have committed to 12 percent reductions by 2010. The UK Government signed 10-year Climate Certification Agreements (CCA) in 2000 with 44 industry sectors, representing more than 5,000 companies. They include the UK's most energy-intensive industries: steel, aluminium, cement, chemicals, paper, and food and drink. Of 12,000 individual sites covered by CCAs, 88 percent met their targets and have had their reductions renewed.

The most successful climate change companies (i.e. from energy-intensive DuPont and BP to consumer product companies like Nike and Interface) are using climate mitigation strategies to conduct profitable transformations in their businesses. With the advent of carbon dioxide trading through the Kyoto Protocol and the European Union Emissions Trading Scheme, and the capabilities of the Chicago and European Climate Exchanges to mitigate risks through futures markets and derivatives, business and government organisation managers have the opportunity to explore the business case for systematic approaches to climate change. Such strategies make sense, and make money. 

Far from being a burden, strategically addressing Green House Gases (GHGs) can be a catalyst for dramatic improvements for business performance, facilities management, and brand enhancement. In effect, a strategy to identify opportunities to reduce emissions will lead to the discovery of opportunities to achieve multiple benefits throughout the organisation.

What are the Opportunities in ‘Sustainability’?

The following information provides a brief overview of the related background material, from Hargroves, K. and Smith, M. (2005) The Natural Advantage of Nations, Chapter 1: Natural Advantage of Nations, ‘A Critical Mass of Enabling Technologies’, pp 16-22; Chapter 6: Natural Advantage and the Firm, ‘What will be the major driver of innovation in the 21st century?’ pp 83- 84; and Chapter 13: National Systems of Innovation, pp 244-271.

Looking at the Waves of Innovation
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Figure iv. Waves of Innovation Model. 

Source: Hargroves, K. and Smith, M. (2005), p 17.

Nations and firms are increasingly aware of being ahead of the next so-called ‘waves’ of innovation in order to increase prosperity and maintain economic growth. Recent developments and studies in economics now place innovation and better technical design at the heart of sustained economic growth over long periods. Increasingly everyone, from business leaders to policy makers, to politicians, to academics, are now asking, ‘what will give rise to the sustainable areas of innovation?’ In the past, major breakthroughs in innovation have occurred when there have been enough effective technologies complementing each other, and providing more efficient ways to meet people’s needs. In order for a wave of innovation to occur there needs to be a significant range forming a critical mass of relatively new and emerging technologies and a recognised genuine need in the market that will lead to a market expansion. As discussed in Natural Capitalism,
 the first industrial revolution began with the steam engine and the new machines made to increase the labour productivity of cotton spinning and the production of steel. This was followed by further industrial shifts with the engineering that evolved out of advances in the understanding of, for instance, electro-magnetism.

A focus on mass production of the automobile and electrification of cities ensued, a wave that lasted until the 1940s. The rise of semiconductors and electronics provided just some of the ‘enabling technologies’ that helped create new business opportunities throughout the 1950s and 1960s. In the case of the Information and Communications Technology (ICT) wave of innovation, it is easy to identify the technologies that were driving the growth of capacity in the industry. Innovations in computer processing power, network bandwidth and data storage have all helped achieve the predictions of Gordon Moore in the 1970s, that ‘computing power will continue to double every 18 months, while costs hold constant’. This last wave of industrial activity was largely based on semiconductors, fibre optics, networks and software.

Many of the applications in the previous IT wave of innovation were based on the idea of reducing transaction costs.
 In the book, Unleashing the Killer App, Downes and Mui
 suggest that the market for the many internet applications was in the reduction of transaction costs. For instance, e-mail is a cheap and fast means of communication, finding information in general is now much faster and cheaper online with internet booking, purchasing and banking, significantly reducing the costs of customer transactions. 

The ICT revolution is just one in a series of long waves of industrial innovation first noted in the 1940s by Joseph Schumpeter, an Austrian-born economist. In his work, Schumpeter tracked the rise and flow of economies with respect to technology. There is now a critical mass of enabling eco-innovations making integrated approaches to sustainable development economically viable. As reported in Small is Profitable,
 ‘these developments form not simply a list of separate items, but a web of developments that all reinforce each other. Their effect is thus both individually important and collectively profound.’ 

If the last wave of innovation, ICT, was driven by market needs such as reducing transaction costs, many believe there is significant evidence that the next waves of innovation will be driven by the need to simultaneously improve resource productivity while lightening our environmental load on the planet. 

Looking at Opportunities 

The examples that will be featured throughout this portfolio provide evidence and add weight, to what many have already sensed; namely, that the problems are serious but there are exciting efforts and solutions being developed around the world through many industry sectors.
 Not only do we now have solutions to many problems, but we are also gaining insight as to which solutions are the most cost-effective and profitable. Hence, nations and companies that work together to address sustainable development can position themselves to be at the forefront of the next waves of innovation.

Consider some interesting points:

· The recent Australian Federal Government’s white paper on energy stated that there was at least AU$5 billion worth of energy efficiency savings possible in the Australian economy, and maybe as much as AU$15 billion. Studies in the USA show there is over US$300 billion worth of potential energy efficiency savings yet to be realised.

· The Institution of Engineers Australia writes,

It appears that some Australian businesses have made the assumption that compliance with Kyoto will increase business costs, and fail to acknowledge that many opportunities for improving efficiency are presented. For example, mining company MIM has reduced its greenhouse gas emissions per unit of output by around 50 percent since 1990. Participants in the NSW Sustainable Energy Development Authority’s Energy Smart Business program are saving millions of dollars at internal rates of return of 40 percent per annum or better. Transfer of cement production from the old ‘wet’ process to the ‘dry’ process has halved energy consumption per tonne, while blending blast furnace slag and fly ash with cement (emerging) can again halve energy consumption per tonne of cement. 

· The Lighting Council of Australia explains that, ‘in 1999, Australia had spent approximately $15 billion on electricity. Of this, lighting accounted for some $5 billion. Well-designed, energy-efficient lighting and lighting controls can slash $1.25 billion a year off this bill’. 

Hargroves and Smith in The Natural Advantage of Nations
 argue that such a new wave of innovation will significantly assist economic growth, in line with the work of Stanford University Professor of Economics Professor Paul Romer. 

We now know that the classical economic suggestion that we can grow rich by accumulating more and more pieces of physical capital is simply wrong… Economic growth occurs whenever people take resources and rearrange them in ways that are more valuable. A useful metaphor for production in an economy comes from the kitchen. To create valuable products, we mix inexpensive ingredients together according to a recipe. The cooking one can do is only limited by the supply of ingredients, and most cooking in the economy produces undesirable side effects. If economic growth could be achieved only by doing more and more of the same kind of cooking, we would run out of raw materials and suffer from unacceptable levels of pollution and nuisance. 

Human history teaches us however that economic growth springs from better recipes, not just from more cooking. New recipes generally produce fewer unpleasant side effects and generate more economic value per unit of raw material. Every generation has perceived the limits to growth that finite resources and undesirable side effects would pose if no new recipes or ideas were discovered. And every generation has underestimated the potential for finding new recipes and ideas. We constantly fail to grasp how many ideas remain to be discovered.

Prof. Paul Romer, Stamford University, 1994
 

Earth Systems Engineering

Earth Systems Engineering (ESE) was first used by Dr Braden Allenby in 1998 with reference to industrial ecology. Industrial ecology is an emerging field of engineering defined as ‘the multidisciplinary study of industrial systems and economic activities, and their links to fundamental natural systems’.
 

The success of industrial ecology motivated the National Academy of Engineering to organise a meeting on Earth System Engineering in 2000, from which ‘Earth Systems Engineering’ was defined by the US National Academy for Engineering (NAE) as, ‘a multidisciplinary (engineering, science, social science, and governance) process of solution development that takes a holistic view of natural and human system interactions’. The goal of ESE (defined during a NAE meeting on ESE in 2000) is to better understand complex, nonlinear systems of global importance, and to develop the tools necessary to implement that understanding.

Earth System Engineering emphasises five main characteristics that apply to all branches of engineering:

1. Many engineering decisions cannot be made independently of the surrounding natural and human-made systems because modern engineering systems have the power to significantly affect the environment far into the future. Our ability to cause planetary change through technology is growing faster than our ability to understand and manage the technical, social, economic, environmental, and ethical consequences of such change.

2. The traditional approach that engineering is only a process to devise and implement a chosen solution amid several purely technical options must be challenged. A more holistic approach to engineering requires an understanding of interactions between engineered and non-engineered systems, inclusion of non-technical issues, and a system approach (rather than a Cartesian approach) to simulate and comprehend such interactions.

3. The quality of engineering decisions in society directly affects the quality of life of human and natural systems today and in the future.

4. There is a need for a new educational approach that will give engineering students (undergraduate and graduate) a broader perspective beyond technical issues and an exposure to the principles of sustainable development, renewable resources management, and systems thinking. This does not mean that existing engineering curricula need to be changed in their entirety. Rather, new holistic components need to be integrated, emphasising more of a system approach to engineering education.

5. Multi-disciplinary research is needed to create new quantitative tools and methods to better manage non-natural systems so that such systems have a longer life cycle and are less disruptive to natural systems in general.

In concluding this introduction, we provide a cautionary note to the opportunities presented.  It is important that we use a common language.  For example, we need to be careful with regard to what we call ‘sustainable’ practices, versus practices that are progressively improving their position along the ‘sustainability journey’. The parts of this course on ‘Learning the Language’ explore the language of sustainability in more detail, providing students with critical tools to discuss, debate and research in this field.

Additional Reading Material

Further to the footnotes provided within this document, the following references are provided in full, for students wishing to explore some of them in further detail (an optional activity):  

· Arrhenius, S. (1925) Chemistry in Modern Life, Library of Modern Sciences, D. Van Nostrand company. A bibliographical summary of Arrhenius’ life is available at: http://nobelprize.org/chemistry/laureates/1903/arrhenius-bio.html. Accessed 7 June 2006. 
· Cole, R. (1999) ‘Building environmental assessment methods: clarifying intentions’, Building Research & Information, vol 27 (4/5), pp 230-246, Routledge Publishing, London.

· Commonwealth of Australia (2004) Securing Australia's Energy Future, produced by the Energy Taskforce. Available at www.pmc.gov.au/energy_future. Accessed 7 June 2006. 

· Downes, L. and Mui, C. (1998) Unleashing the Killer App, Harvard Business School Press, Boston.

· Etheridge, D. M., Steele, L. P., Langenfelds, R. L., Francey, R. J., Barnola, J.M. and Morgan V. I. (1996) ‘Natural and anthropogenic changes in atmospheric CO2 over the last 1000 years from air in Antarctic ice and firn’, Journal of Geophysical Research, vol 101(D2), pp 4115–4128.

· IPCC (2001) Climate Change 2001: Synthesis Report, Synthesis of the Third Assessment Report, Intergovernmental Panel on Climate Change, United Nations Environment Program/World Meteorological Organisation, Cambridge University Press, London.

· Lovins, A.B. et al. (2002) Small Is Profitable, Rocky Mountain Institute Publications, Old Snowmass. Available at www.smallisprofitable.org. Accessed 7 June 2006.  

· McDonough, W. and Braungart, M. (2002) Cradle to Cradle: Remaking the Way We Make Things, North Point Press, New York.

· Monbiot, G. (2006) How to stop the planet burning, Allen Lane, Penguin Press, New York.

· Perlin, J. and Butti, K. (1980) A Golden Thread - 2500 Years of Solar Architecture and Technology, Cheshire Books, Palo Alto.

· Petit, J.R., Jouzel, J., Raynaud, D., Barkov, N.I., Barnola, J.M., Basile, I., Bender, M., Chappellaz, J., Davis, M., Delaygue, G., Delmotte, M., Kotlyakov, V.M., Legrand, M., Lipenkov, V.Y., Lorius, C., Pepin, L., Ritz, C., Saltzman, E., and Stievenard, M.  (1999)  ‘Climate and atmospheric history of the past 420,000 years from the Vostok ice core, Antarctica’, Nature, vol  399, pp 429-436. 

· Price Waterhouse Coopers (1999) Report from the Prime Ministers Science Engineering and Innovation Council. Read about the Council’s work, available at www.dest.gov.au/sectors/science_innovation/science_agencies_committees. Accessed 7 June 2006.
· United Nations Environment Program (2002) Industry as a partner for sustainable development - 10 years after Rio: the UNEP assessment, UNEP, United Kingdom. This UNEP report documents sector-specific progress in implementing Agenda 21, building on the 22 industry-driven sector reports of the ‘Industry as a Partner for Sustainable Development’ series. 

· von Weizsaecker, E., Lovins, A. and Lovins, L.H. (1997) Factor 4: Doubling Wealth, Halving Resource Use, Earthscan, London.

Unit 1 - A New Perspective
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Lecture 1: The Call for Sustainable Development

Educational Aim

To provide the context within which the call for sustainable development arose. In its 2003 report, ‘Sustainable Development in a Dynamic World’, the World Bank summed up why so many people are now concerned about achieving sustainable development,

The next 50 years could see a fourfold increase in the size of the global economy and significant reductions in poverty, but only if governments act now to avert a growing risk of severe damage to the environment and profound social unrest. Without better policies and institutions, social and environmental strains may derail development progress, leading to higher poverty levels and a decline in the quality of life for everybody. 
Required Reading

Hargroves, K. and Smith, M.H. (2005) The Natural Advantage of Nations: Business Opportunities, Innovation and Governance in the 21st Century, Earthscan, London:

	Chapter
	Page

	1. Preface (4 pages)
	xxxvii – xli

	2. Foreword – Alan AtKisson (2 pages)
	xvii - xviii


Learning Points

1. We live in times of major change: information and communication technology, globalisation, genetic engineering, nanotechnology, threats of terrorism, natural disasters, changing demographics, and aging population. We are constantly learning more and at the same time becoming aware of how much we don’t know about our global system.

2. Our institutions (government, business, and society in general) are being required to adapt and respond to new challenges more rapidly than ever before. We are learning that we need to innovate solutions and systems that are both locally appropriate and globally relevant. 

3. Of all these issues and challenges for the 21st Century, two have emerged of significant common concern globally: a) the irreversible decline of the resilience of natural systems, and b) the lack of progress on global inequality and poverty.

4. We are now beginning to understand the complex interactions and inter-relationships in the natural environment and that as a closed system (with only sun light coming into it), there will be a range of threshold effects if the practices of the industrial revolution continue in their current form.

5. Sustainable development is defined in the Report of the 1987 World Commission on Environment and Development Our Common Future,
 as ‘development that meets the needs of the present without compromising the ability of future generations to meet their own needs’. 

6. Sustainable development simply means development that genuinely sustains and improves economic, social and environmental wellbeing with no major trade offs, locally and globally, now and in the future.

7. Many in the mainstream still see trade-offs between social, environmental and economic goals as inevitable. Yet to solve the problems and issues of sustainable development, we need integrated approaches. Addressing these concerns and developing integrated solutions with ‘win-win-win’ opportunities is fundamental to solving them cost effectively and potentially profitably as well. 

8. In the 1980s a range of major initiatives began to find common ground and overcome the ’us versus them’ modus operandi of the ‘environment movement versus developers’. 

9. Since the World Commission on Sustainable Development’s Report in 1987 there have been further significant efforts to integrate work showing that sustainable development is achievable cost effectively. Books such as Natural Capitalism, Cradle to Cradle and Factor 4 brought a range of new possibilities for the future together for the first time.  

Brief Background Information

The following information provides a brief overview of related background material, from The Natural Advantage of Nations.

Even a cursory overview of human history will conclude that the last few centuries have witnessed unprecedented change. The world, in large measure, has shifted from local agrarian economies to globalised industrial economies with instant financial capital flows in the trillions of dollars daily, exchanging goods and services around the world at the touch of a button. 

Technologies considered science fiction 100 years ago are now reality. In the last 30 years more scientific papers have been published than all the previous centuries. As Jared Diamond showed in his analysis of the last 13,000 years of civilisation, in Guns, Germs and Steel,
 technological innovation tends to gather momentum rather than stagnate.  

Far from slowing down, technological change has sped up. Modern industrialism began in a world completely different from today. It was a world with relatively few people and seemingly endless natural resources. It possessed a poor industrial capacity that struggled to create enough for all. 

Today, by contrast in many countries, labour productivity has increased to such an extent that the industrial capacity can produce more than the market can consume. The original mission to improve labour productivity by improving technology has largely succeeded. Globally, for instance, enough food is being produced to feed the world. The problem now is that not enough people can afford to buy it. While billions starve and 23,000 children die each day in the world from malnutrition, in some countries farmers are being paid subsidies not to farm their land. More importantly, today we now understand that natural resources are not limitless. Many of the resources we have taken for granted are now showing their finite nature and due to the rapid increase in demand many of these resources are in danger of being exhausted.

Business as Usual

However, most industry and government still operates on a business-as-usual principle: basing progress largely on labour productivity and Gross Domestic Product (GDP). However, the work of Nobel Laureate Joseph Stiglitz shows that this ‘productivity’ simply measures the productivity of those employed and tells us nothing about all those that are unemployed. This doesn’t take into account additional measures of progress such as the productivity of the whole population, poverty reduction or how efficiently we use resources. The present wisdom uses more and more non-renewable resources to make fewer people more productive. The results are all around us, namely a massive waste of people and resources. There are approximately one billion people unemployed globally. The World Bank Annual Report for 2003 stated that more than one billion people are living on less than US$1 a day.
 Out of these concerns - particularly the decline of ecosystem resilience and the lack of significant progress on addressing global inequality - has come the call for ‘sustainable development’. 

Defining Sustainable Development

In 1987, the report of the World Commission on Environment and Development, Our Common Future, recognised that humankind’s relationship with the planet had changed forever due to our immense technical capacity:

Over the course of the 20th century the relationship between the human world and the planet that sustains it has undergone a profound change... major, unintended changes are occurring in the atmosphere, in soils, in waters, among plants and animals, and in the relationships among all of these. The rate of change is outstripping the ability of scientific disciplines and our current capabilities to assess and advise. It is frustrating the attempts of political and economic institutions, which evolved in a different, more fragmented world, to adapt and cope... To keep options open for future generations, the present generation must begin now, and begin together, nationally and internationally.

Gro Brundtland, Our Common Future, 1987

Our Common Future coined the phrase ‘sustainable development’ to sum up this new paradigm of development. It defined sustainable development as, ‘development that meets the needs of the present without compromising the ability of future generations to meet their own needs’, and was instrumental in achieving the acceptance of the emerging paradigm of sustainable development in mainstream governmental structures, departments and programs. Support for this new form of development was demonstrated by the attendance at the first World Summit for Sustainable Development in Rio De Janeiro in 1992, of more than a hundred world leaders and representatives from 167 countries. 

Kofi Annan, Nobel Peace Prize Winner 2001, stated on World Environment Day in 2000:

We need a major public education effort. Understanding of these challenges we face is alarming low. Corporations and consumers alike need to recognize that their choices can have significant consequences. Schools and civil society groups have a crucial role to play. 
Kofi Annan, United Nations Secretary-General, 2000

Subsequent to the 1987 definition, sustainable development is academically defined as ‘development that improves the wellbeing and opportunities of the present generation whilst ensuring non-declining wellbeing for future generations’. This simply means development that genuinely sustains and improves economic, social and environmental wellbeing with no major trade-offs, locally and globally, now and in the future. 

The West Australian Premier, Dr Geoff Gallop, summed up the situation well when he stated, 

For many years we pursued economic, environmental and social goals in isolation from each other. We have come to recognise that our long-term well-being depends as much on the promotion of a strong, vibrant society and the ongoing repair of our environment as it does on the pursuit of economic development. Indeed, it is becoming obvious that these issues cannot be separated. The challenge is to find new approaches to development that contribute to our environment and society now without degrading them over the longer term.
Dr. Geoff Gallop, 2003

Extract: The Natural Advantage of Nations -- ‘No Major Trade-offs’

One of the critically important implications to the decision-making process of trying to achieve sustainable development - given the situation where society simultaneously pursues a range of goals - is that it must be based on the principle ‘no major trade-offs’. Logically, if society is committed to sustaining something, it cannot trade-off the continued existence of that thing in order to meet other goals. Similarly, in a ‘multiple bottom line’ approach it is desirable for actions taken in the pursuit of one goal to also contribute to the achievement of other goals: ‘win-win-win’ outcomes. 

In the past, following a rather simplistic application of optimisation theory, it has been assumed that the pursuit of multiple goals means that no one goal can be maximised; there must be major trade-offs. However, in complex systems such as economies, societies and ecosystems we are still so far from a theoretical perfect optimum that there is huge potential to find solutions that can deliver multiple goals with ‘no-major-trade-offs’ and ‘win-win outcomes’. To deliver such outcomes does require a major commitment to foster innovation and to greatly increase the capability of long-term thinking and the handling of complex issues. Take for instance the award winning, AU$3 billion project to tackle salinity in south-western Western Australia. The company, Woodside Petroleum, is the partner for a biomass/activated charcoal/eucalyptus oil project that will involve the planting of millions of mallee eucalyptus trees to lower the water table and thus mitigate the effects of salinity in Western Australia. The activated charcoal from plantations will take the pressure off the native forests that are presently being harvested to provide activated charcoal for the global market, as it is in high demand as a reductant in mineral refining. Finally, it will also act as a carbon sink while creating new jobs. 

This course will show, through such case studies, that genuine win-win-win opportunities exist and are relatively cost effective compared with current modes of development. 

Optional Reading

· Brown, L. et al. (2000) State of the World 2000, The WorldWatch Institute.

· Brown, L. et al. (2000) Vital Signs 2000-2001, The WorldWatch Institute.

· Bruntland, G. (ed) (1987) Our Common Future: The World Commission on Environment and Development, Oxford University Press, Oxford. 
· Hawken, P. Lovins, A.B. and Lovins, L.H. (1999) Natural Capitalism, Earthscan, London.

· McDonough, W. and Braungart, M. (2001) ‘The Next Industrial Revolution’, in Allen, P. (ed) Metaphors for Change, Greenleaf Books, London.

· von Weizsaecker, E., Lovins, A.B. and Lovins, L.H. (1997) Factor 4: Doubling Wealth, Halving Resource Use, Earthscan, London.

Key Words for Searching Online

Brundtland Report, Agenda 21, Worldwatch Institute, Johannesburg Summit
Break-Out Activity

It is clear that throughout the first industrial revolution engineers and society as a whole did not pay sufficient attention to the impact of development on the ecosystems of the planet. They didn’t understand the role these ecosystems played in underpinning the survival of the planet’s biodiversity. 

What did they think they were doing? 

Leading green architect Bill McDonough points out that if someone were to present the Industrial Revolution as a retroactive design assignment, it might sound like this: 

Design a system of production that:

· Puts billions of kilograms of toxic material into the air, water and soil every year,

· Measures prosperity by activity, not legacy,

· Requires thousands of complex regulations to keep people and natural systems from being poisoned too quickly,

· Produces materials so dangerous that they will require constant vigilance from future generations,

· Results in gigantic amounts of waste,

· Puts valuable materials in holes all over the planet, where they can never be retrieved, and

· Erodes the diversity of biological species and cultural practices.  

Essentially when industrial capitalism began, it began in a world very different from today. Three hundred years ago nature was abundant and it is easy to understand why less care was taken regarding what pollutants industry was producing. Now it is understood that resources are finite and that we need to re-think how we use those resources. 
A generation of ecologists, engineers and other professionals from around the globe have worked on sustainable development since 1972, when the first intergovernmental conference on the environment and the United Nations Conference on the Human Environment occurred in Stockholm. It is now our turn to step up and make a difference by learning from the best work over the last 30 years as we strive to address these issues. 

What should we be thinking about doing now?

Develop a proactive design brief for our civilisation for the next 50 years. Time will be allocated for you to brainstorm a list of key criteria, using Bill McDonough’s design format. Then you can compare your results with Bill’s on page 101 of The Natural Advantage of Nations (don’t look till you are done).

Design a System that:

· Etc.
Unit 1 - A New Perspective
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Lecture 2: What has led to a lack of Sustainability?

Educational Aim

To develop an understanding of the core reasons for the current unsustainable situation. To also cover some of the reasons why there are ever increasing pressures on the planet’s ecosystems and natural resources to provide enough for the increasing global population. Fundamentally, modern society’s development is unsustainable, as the real cost of these increasing pressures - and further increasing negative social and environmental impacts in the future - are not included in the price of goods and services. 

Required Reading

Hargroves, K. and Smith, M.H. (2005) The Natural Advantage of Nations: Business Opportunities, Innovation and Governance in the 21st Century, Earthscan, London:

	Chapter
	Page

	1. Chapter 1: ‘Externalities: Who Pays?’ (2 pages). 
	pp 22-23

10 pp

	2. Chapter 4: ‘Collaborative Approaches’ (2 pages)
	pp 60-61

	3. Chapter 11: ‘The tragedy of the commons: 35 Years on’ (3.5 pages) 
	pp 178-181


Learning Points

1. One reason why our economy is essentially on an unsustainable trajectory is because nature has not been directly valued in the marketplace and therefore has not been given prominence by classical economics in the decision making processes of governments and businesses. 

As the Australian Treasury department stated,
 
Inappropriate behaviour can also arise where government policies fail to provide appropriate incentives. For example, pricing water below the full cost (i.e. including the environmental cost) will lead to overuse, with a resultant increase in salinity and decline in river quality.
2. Classical economics has not been able to adequately consider the effects of industry on ecosystems, biodiversity and natural resources, especially the impacts of industrial waste. There are real challenges in properly costing the value to the economy of ecosystem services. The classical economics of Adam Smith was a significant step forward but it analysed society as a closed system where natural ecosystems were considered to be an infinite source of resources and services and an infinite sink for wastes, which is obviously a false assumption.  

3. When the industrial revolution began, it was perhaps understandable that nature was not valued appropriately, because there was so much of it, and our activities seemed so small in comparison. Impacts on the world’s ecosystems were largely ignored, as the concept that we could damage the earth’s primary systems through our activities was unfathomable. However, as we are now seeing, this is no longer the case.

4. Environmental degradation has also been exacerbated by difficulties in managing the public ‘commons’, which are resources that are common to everyone. This has led to the ‘tragedy of the commons’: fisheries for example - since everyone has access to the same fishing grounds, there are no incentives not to overfish, since there is only a finite amount of fish and it is in your interest to ensure that your competitors do not take more fish than you. 

5. Additional reasons for a lack of Sustainability include:

· Short-term market pressures for business profits.  

· Lack of capacity building of professionals, such as engineers, architects, and accountants in how to achieve sustainable development.

· Lack of information for the consumer, such as independent trustworthy labelling, to determine what products are environmentally friendly.

· Lack of collaboration between various groups actively seeking sustainable outcomes.

· Lack of market incentives for innovation to achieve sustainable technologies and practices, while government continues to subsidise existing polluting industries.

· Lack of partnerships amongst the peak bodies of society to help build the political will for sustainable development.

· The short term political cycle of four years tends to provide little reward for long term thinking and planning.

Brief Background Information

The following information provides a brief overview of the related background material, from Chapter 3 of The Natural Advantage of Nations.

The Role of Externalities in the Problem Definition 

Fundamentally, current modes of development are ecologically not sustainable because the real costs of damage to the environment are largely externalised from the marketplace. Economists call these externalities. Externalities are present whenever an individual or a firm can take an action that directly affects others and for which it neither pays nor is paid compensation. It therefore does not bear all the consequences of its action. The effect of the action is ‘external’ to the individual or the firm. Externalities are widespread. Anything from a child creating a mess in a home, to someone smoking in a restaurant, to a factory emitting CO2 into the atmosphere are all creating externalities. 

Whenever a firm produces pollution and does not have to pay for it, it is creating an externality that someday will have to be dealt with. Impacts will be felt both at a local level - through costs of soil remediation, waste treatment and toxics storage, to the international scale where for instance, UNEP and Munich Re estimate that the direct costs of global warming will be US$500 billion per annum to the world economy by 2050. 
We go about our lives making many decisions based on cost. All of us base many decisions on a formal or informal cost benefit analysis. When the market price does not reflect the true costs of our decisions these are called externalities. In these situations there is much government can do. Government policies in keeping the price of water for farmers low globally has led to excessive use of water, draining water from underground basins built up over centuries, lowering the water table, and in some cases, leaching out of the soil. For instance, in many countries, much of the timber lies on government lands and the government, in making the land available, has paid less attention to concerns about environmental impacts than it has to the pleading of timber interest groups.

Ken Henry, Secretary to the Treasury, Australia, 2004

As the Australian Treasury Department has stated, ‘people generally are unlikely to produce socially optimal environmental outcomes when they do not face the full benefits and costs of their actions’. Under these circumstances, individuals are likely to place greater weight on the costs they bear themselves, rather than the costs their purchases impose on others.   

It would therefore make sense to properly value the importance of ecosystem services to the economy and communities. However, valuing the costs of these externalities is a difficult task. What price is a stable climate worth? How can one put a price on access to drinkable, unpolluted water or breathable air? The challenge of defining values for what are public goods, often not in the marketplace, is in essence what has prevented governments and business (i.e. the marketplace) from properly internalising environmental costs into their decision making processes. 

Valuing Nature’s Services and Environmental Surprise 

Millions of conservationists around the world find motivation every day in the beauty, spirit, and extra-human value of the world. And, as long as life and humans remain on earth, there will be a need for conservationists.
William Lines, Australian philosopher

Why is applying a financial value to ecosystems so difficult? Because the services nature provides humanity and our economy are ‘priceless’. When a group of experts in the field calculated the value of nature's ecosystem services they found it was worth a combined value of at least US$36 trillion annually. That figure is close to the annual gross world product, which is approximately US$39 trillion - a striking measure of the value of natural capital to the economy. Ecosystem services in Australia have been valued by CSIRO at AU$1,327 billion per annum.  In addition:
· Some economists calculate the current cost to American agriculture of the decrease in pollination services through the impact on the population of bees at around US$5 billion per year. In the mid-USA the single biggest cost to alfalfa growers is the provision of beehives for crop pollination. 

· A recent study showed that the provision of adequate clean water to New York City by forests in the Catskill Mountains was equivalent to a capital investment of US$6-8 billion and an annual $1-2 billion operating cost for a plant to carry out the same service. 

Even calculating the financial cost of the damage currently being done to ecosystems is very difficult, as these systems are highly complex and dynamic. In addition, it is hard to measure the decline of ecosystem resilience because environmental problems are interrelated and often feedback on each other, hence as Professor Norman Myers, an Oxford University ecologist, points out, ‘when one problem combines with another problem, the outcome may be not a double problem, but a super-problem’. 
When different phenomena feedback on each other scientists call these ‘coupling effects’. The impacts of the greenhouse effect alone may be significantly mitigated, but when these are combined with deforestation and erosion, biodiversity and species loss, intensive modern agriculture with chemical fertilisers and pest control, and increasing urban waste streams, then the stress on the Earth’s ecosystem can no longer be ignored. Rather it can lead to events that are becoming known as ‘environmental surprises’, when thresholds are reached.

’Everyone is aware of the environmental problems of global warming and deforestation on the one hand and the social problems of increasing poverty on the other hand’, says Astrid Heiberg, President of the International Federation of Red Cross and Red Crescent Societies.
 ‘But when these three factors collide, you have a new scale of catastrophe.’ The 2001 Red Cross report pointed out that 1 billion people live in unplanned shanty towns, and that 40 of the 50 fastest growing cities are at risk of earthquakes. Rainforests cover only seven percent of the globe, yet 50 percent of the world's rain falls on these areas. Hence deforestation makes these areas highly prone to floods, loss of topsoil, mudslides and general erosion the rainforests would have otherwise mitigated. The impact of Hurricane Mitch on the Honduran economy in 1998 was estimated at equivalent to three-quarters of annual GDP. For small island economies, the relative magnitude of losses can be higher again. 

Other Examples of Environmental Surprise include:

· The extinction of the Passenger Pigeon, once the most abundant land bird on the planet - due to habitat loss, forest fragmentation, hunting, and disturbance of nesting.
 
· Coral bleaching of the Great Barrier Reef caused by increasing water temperatures change the living conditions for the living algae (which provides the colour to coral) forcing it to leave its home in the coral polyps. 

· Introduced Species, such as the explosion of population experienced in ‘Cane Toads’ in Queensland brought in from Hawaii to eat the ‘Cane Beetle’. The toads didn’t even eat the beetles and now reproduce at around 30,000 eggs per pair of toads spawning. 

· Impacts on the reproductive system of the Bald Eagle in the 1960s and 1970s from the pesticide DDT accumulating at the top of the food chain. 

· The hole in the earth's ozone shield over Antarctica in the late 1980s caused by chemical reactions involving chlorofluorocarbons (CFCs) in the atmosphere and thus increasing the amount of dangerous ultraviolet (UV) radiation reaching the planet. 

Global Warming & Environmental Surprise 

Dr Colin Butler, Australia’s representative for the UN Millennium Assessment writes that,

In the more distant future, yet not so far away that it can be safely ignored, climate change may have even more drastic adverse effects on civilisation. Three such risks are massive sea level rise from the collapse of the Greenland or Western Antarctic Ice Shelf;
 runaway greenhouse gas accumulation from the failure of the terrestrial carbon sink (for example as forest ecosystems change from net sinks to net sources of carbon);
 and a significant weakening of the oceanic ‘conveyor belt’ currents which warms Western Europe.
Furthermore, few people appreciate that it is the loss of ecosystem services from global warming that may end up being the largest cost of global warming.

Why? Simply because so few appreciate the stress the planet’s ecosystems will be under once climate change occurs more significantly. While it is true that the earth has gone through climate change before of 1-6 degrees Celsius, in the past ecosystems and species could migrate and move to cope with that stress. By contrast, our ‘wilderness areas’ are rapidly reducing and becoming largely unconnected pockets. If global warming is allowed to continue, and all the fossil fuel reserves are burnt, the concentration of CO2 and other Greenhouse Gases will increase six-fold. Ecosystems and species will not be able to migrate as they did during the previous times of climate change. Scientists are already forecasting global warming of 1-6 degrees Celsius, with a doubling of the concentration of CO2. Already climate change thus far has led to the bleaching of a significant percentage of the world's coral reefs. It will be impossible for ecosystems to migrate while we undertake this experiment with the planet.

The key point then is that different pressures on the world’s ecosystems from different sources have a compounding effect on each other. The impacts of the greenhouse effect alone can be mitigated, but when these are combined with deforestation, the conversion of vast land masses to modern agriculture, increasing poverty, and urban development, the stress on our remaining ecosystems will soon be hard to ignore. 

In 2003, a report by the World Bank listed the risks of environmental damage and social unrest as major factors that, if not addressed and significant progress made, will limit the extent to which the world economy can grow. It has been argued by research organisations such as Rocky Mountain Institute and the Wuppertal Institute, that we are facing a new form of ‘limiting factor’ today, unlike anything our economies have faced before - soon it will be forests not mills, fisheries not boats, that will be the limiting factor for economic growth. Herman Daly, a leading academic ecological economist, previously working at the World Bank, advanced similar arguments over ten years ago.

Recognising the problem of potential global climate change the World Meteorological Organization (WMO) and the United Nations Environment Programme (UNEP) established the Intergovernmental Panel on Climate Change (IPCC) in 1988. The role of the IPCC is to assess the scientific, technical and socio-economic information relevant for the understanding of the risk of human-induced climate change. It does not carry out new research nor does it monitor climate related data. It bases its assessment mainly on published and peer reviewed technical scientific literature. The reports from the IPCC are used in global climate negotiations and their findings have been corroborated by the USA National Academy of Sciences.

Optional Reading

· Bright, C. (2000) State of the World Report, Worldwatch Institute, W.W. Norton & Company, New York, London, Chapter 2: Anticipating Environmental Surprise, pp 22-38.

· Carson, R. (1962) Silent Spring, Houghton Mifflin, Boston.

· Hughes, D. (1975) Ecology in Ancient Civilizations, University of New Mexico Press.

· McNeill, W. (1975) Plagues and Peoples, Anchor/Doubleday, New York.

· Scheffer, M., Carpenter, S., Foley, J., Folke, C. and Walker, B. (2001) ‘Catastrophic Shifts In Ecosystems’, Nature, vol 413, pp 591-596.

· Tainter, J. (1988) The Collapse of Complex Societies, Cambridge University Press, London.

· Students may be interested in two movie options that explore through images and music, the history of the planet and modern day implications of human activities: 

· 'Koyaanisqatsi' (or ‘Life out of Balance’) http://www.koyaanisqatsi.org/films/koyaanisqatsi.php      

· 'Baraka'. www.spiritofbaraka.com/baraka.aspx.   

Key Words for Searching Online

Worldwatch Institute, World Resources Institute
Break-Out Activity
Ecosystem Services

Whenever the economy has faced factors limiting development in the past, industrial nations sought to optimise the productivity and increase the supply of the limiting factor. In the past, economic development has periodically faced one or more limiting factors, including the availability of workers, energy resources and financial capital. Engineers and scientists found new energy sources and created new enabling technologies that helped make global transportation and communication possible. 

Financial capital became universally available through central banks, credit, stock exchanges and currency exchange mechanisms. Human ingenuity has accomplished remarkable things over the last 300 years. But can we really hope to find substitutes for all natural ecosystem services? The complexity and diversity of natural ecosystems is very hard to replace. Nobel laureate, and world famous physicist, Richard Feynman once said that attempting to understand nature is like trying to learn how to play chess by watching a game while being able to see only two squares at a time. 

Ecosystem services that nature provides for free are not cost effectively replaceable or substitutable by technological innovation. These services complement and are depended on by life on our planet.
 
There are numerous natural ecosystem processes that are complementary to human capital and inventions, but are not substitutable. Brainstorm as many ecosystem services as you can and then compare them to page 42 of The Natural Advantage of Nations. 
Unit 1 - A New Perspective
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Lecture 3: Sustainability as a Driver for Innovation 

We submit that there is now a critical mass of enabling eco-innovations making integrated approaches to sustainable development economically viable. As reported in Small is Profitable,
 voted as one of the three best books by the Economist magazine for 2002, ‘These developments form not simply a list of separate items, but a web of developments that all reinforce each other. Their effect is thus both individually important and collectively profound.’

Hargroves and Smith, The Natural Advantage of Nations, 2005

Educational Aim

To present theory regarding the next ‘wave of innovation’ and the emerging critical mass of enabling technologies that will achieve business competitiveness, improved economic growth and a more sustainable world. To explain that the transition to a sustainable economy, if focused on improving resource productivity through innovation, may actually lead to higher economic growth than business-as-usual. At the same time, it may also reduce environmental pressures and enhance employment. To also show that the rapid uptake of this next wave of innovation in sustainable development (to ensure development occurs within ecological limits) will depend significantly on the action of engineers. Hence it is vital that engineers are literate and trained in all these new methods to help society achieve sustainable development in the near future.

Required Reading

Hargroves, K. and Smith, M.H. (2005) The Natural Advantage of Nations: Business Opportunities, Innovation and Governance in the 21st Century, Earthscan, London:

	Chapter
	Page

	1. Chapter 1: ‘A critical mass of enabling technologies’, (4 pages)
	pp 16-22

10 pp

	2. Chapter 6: ‘What will be the Major Driver of Innovation in the 21st Century?’ 
      (2 pages)
	pp 83-85

	3. Chapter 13: ‘Natural Systems of Innovation’ (2 pages)
	pp 244-245


Learning Points

1. ‘Innovation’ is a term used to describe the introduction of a new idea, product, service, or practice which is intended to be useful; to satisfy a perceived market need. An essential element for innovation is its application in a commercially successful way. 

2. Recent developments and studies in economics place innovation and better technical design at the heart of sustained economic growth over long periods. Increasingly business leaders, policy makers, politicians, and academics, are asking, ‘what will give rise to the new areas of innovation?’ 

3. There is significant evidence that the next waves of innovation will be driven by the need to achieve sustainable development. In the 21st century the major driver for innovation will be the need to improve productivity while lightening humankind’s environmental load on the planet. As Natural Capitalism highlights, ‘the next industrial revolution’ will be driven by the emerging need for simultaneous productivity improvement (doing more with less) while significantly reducing the impacts on the environment.

4. Nations and companies that work together to address sustainable development can position themselves to be at the forefront of the next waves of innovation. Such technologies include efficient appliances and resource saving fittings, renewable energy providers such as solar, wind, ocean-current and biomass and a suite of green technologies that are efficient, non-toxic, low or no waste, and are reusable and recyclable.

5. Not only do we now have solutions to many problems, we are also gaining insight as to which solutions are the most cost-effective and profitable. We now possess both the technological innovations and design know-how to tackle many environmental problems cost effectively and, in some areas, very profitably.

6. Unlike other waves of innovation this wave is urgently needed to prevent further pollution, climate change, species loss, and ecosystem decline. This portfolio of courses seeks to show that whether this next wave of innovation in sustainable development occurs rapidly enough will depend significantly on the choices, actions and leadership of engineers. Hence it is vital that engineers are not just literate and trained in how to achieve sustainable development but also have the confidence to show real leadership on this issue.

7. In the past, major breakthroughs in innovation have occurred when there has been a critical mass of enabling technologies that complement each other, providing more efficient ways to meet people’s needs. For example:

a. Laptop computers – computers needed to become 80-90 percent more efficient than the original models to enable the system to run on batteries.

b. Hybrid-electric vehicles (such as the Toyota Prius
 and Honda Insight
) – combine highly efficient electric motors, long-lasting batteries, light car body and fuel switching technology, and are now making a successful entry into the market.  

c. Distributed generation – the combination of a number of technologies (such as new fuels, solar cells, wind and current turbines, biofuels) coupled with energy efficiency and demand side management will ensure that ‘these developments form not simply a list of separate items but a web of developments that all reinforce each other. Together, they will not only continue the trend toward increasingly distributed energy resources [large numbers of smaller energy generation plants such as wind, solar, biogas], but also can greatly accelerate the shift to distributed utilities.’

Brief Background Information

The following information provides a brief overview of the related background material, from Chapter 1 of The Natural Advantage of Nations. 

Waves of Innovation

As described in detail in The Natural Advantage of Nations, nations and firms are increasingly aware of the importance of being ahead of the next so-called ‘waves’ of innovation, both for prosperity and maintaining economic growth (see Figure 3.1). Many nations and firms have missed these multi-billion dollar opportunities in the past because they imagined the future to be an extension of the present. Australia was the third country in the world, after the US and the UK, to develop an electronically programmable computer (CSIRAC, in 1949). CSIRAC's co-inventor, Dr Trevor Pearcey, went on to build a highly advanced transistorised computer, CIRRUS, at the University of Adelaide, in 1963. Both projects lapsed from lack of private and government support, and Australia lost a clear opportunity to join the world leaders in the ICT wave of innovation. There is increasing awareness that no country or major company can afford to miss the next waves of innovation. Many people are asking what exactly will be the next wave?

In order for a wave of innovation to occur there needs to be a significant array of relatively new and emerging technologies and a recognised genuine need in the market that is leading to a market expansion. As Natural Capitalism
 discussed, the first industrial revolution began with the steam engine and new machines to increase the labour productivity of cotton spinning and the production of steel. This was followed by further industrial shifts within engineering that evolved out of advances in the understanding of, for instance, electro-magnetism.

A focus on the mass production of the automobile and electrification of cities ensued, a wave that lasted until the 1940s. The rise of semiconductors and electronics provided just some of the enabling technologies that helped create new business opportunities throughout the 1950s and 1960s. In the case of the Information and Communications Technology (ICT) wave of innovation, it is easy to identify the technologies that were driving the growth of capacity in the industry. Innovations in computer processing power, network bandwidth and data storage have all helped achieve the predictions of Gordon Moore in the 1970s that ‘computing power will continue to double every 18 months, while costs hold constant’. This last wave of industrial activity was largely based on semiconductors, fibre optics, networks and software.
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Figure 3.1. Waves of Innovation.

Source: Hargroves, K and Smith, M.H. (2005)
 

Many of the applications in the previous ICT wave of innovation were based on the idea of reducing transaction costs.
 In the book, Unleashing the Killer App, Downes and Mui
 suggest that the market for the many internet applications was in the reduction of transaction costs. For instance, e-mail is a cheap and fast means of communication, finding information in general is now much faster and cheaper online, with internet booking, purchasing and banking significantly reducing the costs of customer transactions. 

The ICT revolution is just one in a series of long waves of industrial innovation first noted in the 1940s by Joseph Schumpeter, an Austrian-born economist. In his work, Schumpeter tracked the rise and flow of economies with respect to technology. If the last wave of innovation, ICT, was driven by market needs such as reducing transaction costs, we believe there is significant evidence that the next waves of innovation will be driven by the need to simultaneously improve resource productivity while lightening our environmental load on the planet. 
Leo Jansen, Chairman of Dutch Inter-ministerial, Sustainable Technology Development Programme stated in 2000, 

In setting a time-horizon of 50 years – two generations into the future… it was found that ten- to twenty-fold eco-efficiency improvements will be needed to achieve meaningful reductions in environmental stress. It was also found that the benefits of incremental technological development could not provide such improvements.

In order for a wave of innovation to occur there needs to be a significant array of relatively new and emerging technologies and a recognised genuine need in the market that is leading to a market expansion. There is now a critical mass of enabling eco-innovations making integrated approaches to sustainable development economically viable. This plus increased regulation through for instance the ratification of the Kyoto Protocol, the formation of the EU Emissions Trading Scheme, and the EU Directives on waste and hazardous substances, suggest that the next wave of innovation will be in sustainable development. As reported in Small is Profitable, voted as one of the three best books by the Economist magazine for 2002, ‘These developments form not simply a list of separate items, but a web of developments that all reinforce each other. Their effect is thus both individually important and collectively profound.' 
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Figure 3.2. Critical Mass of Innovations meeting real market needs creates new Waves of Innovation. 

Source: Hargrove, K. and Smith, M.H. (2005)

This course and the textbook show that a range of institutional and regulatory barriers together with short term pressures on governments, business and communities has led to many resource productivity gains being unrealised. This genuinely has created a significant source of potential productivity improvements for companies, governments and society if they are willing to address the barriers to more resource productive approaches being taken up in the marketplace. 

This course will also show that we now possess both the technological innovations and design know-how to tackle many environmental problems cost effectively and, in some areas, very profitably. Specifically, this involves everything from green buildings, hybrid cars, wind power, resource processing, transport systems, metals/plastic recycling and other enabling technologies. However, still more innovations are emerging from the fields of materials science, ranging from re-examining old systems with Whole System Design (WSD) approaches, to green chemistry using biomimicry principles based on nature, which is part of the nanotech wave of innovation. All of these will help achieve sustainable development. The examples that will be featured throughout this short course provide proof, and add weight to, what many have already sensed. Namely, that the problems are serious but there are exciting pioneering efforts and solutions being developed around the world through many industry sectors.
 Not only do we now have solutions to many problems, but we are also gaining insight as to which solutions are the most cost-effective and profitable. Hence, nations and companies that work together to address sustainable development can position themselves to be at the forefront of the next waves of innovation.

Finally, as we pointed out in the ‘Setting the Scene’ notes at the start of this Unit, The Natural Advantage of Nations argues that such a new wave of innovation will significantly assist economic growth in line with the recent work of Professor Paul Romer. Stanford University Professor of Economics, Paul Romer, is seen as one of the founders of the field of ’New Growth Economics’, and writes, 

We now know that the classical economic suggestion that we can grow rich by accumulating more and more pieces of physical capital is simply wrong… Economic growth occurs whenever people take resources and rearrange them in ways that are more valuable. A useful metaphor for production in an economy comes from the kitchen. To create valuable products, we mix inexpensive ingredients together according to a recipe. The cooking one can do is only limited by the supply of ingredients, and most cooking in the economy produces undesirable side effects. If economic growth could be achieved only by doing more and more of the same kind of cooking, we would run out of raw materials and suffer from unacceptable levels of pollution and nuisance. Human history teaches us however that economic growth springs from better recipes, not just from more cooking. New recipes generally produce fewer unpleasant side effects and generate more economic value per unit of raw material. Every generation has perceived the limits to growth that finite resources and undesirable side effects would pose if no new recipes or ideas were discovered. And every generation has underestimated the potential for finding new recipes and ideas. We constantly fail to grasp how many ideas remain to be discovered.
Optional Reading

· Brownell, B. (ed) (2006) Transmaterial: A catalogue of materials, products and processes that are redefining our physical environment, Princeton Architectural Press, NY. Available online at www.transstudio.com. Accessed 7 June 2006.  

· Downes, L. and Mui, C. (1998) Unleashing the Killer App, Harvard Business School Press, New York.

· Hawken, P., Lovins, A.B. and Lovins, H. (1999) Natural Capitalism, Creating the Next Industrial Revolution, Earthscan, London, Chapter 1: The Next Industrial Revolution. Downloadable from http://www.natcap.org/images/other/NCchapter1.pdf. Accessed 3 January 2007. 

· Lovins, A.B., Datta, E.K., Feiler, T., Rabago, K.R., Swisher, J.N., Lehmann, A. and Wicker, K. (2002) Small is Profitable: the hidden economic benefits of making electrical resources the right size, Rocky Mountain Institute, Snowmass, Colorado.

· von Weizsacker, E., Lovins, A.B. and Lovins, L.H. (1997) Factor 4: Doubling Wealth – Halving Resource Use, Earthscan, London, Introduction: More for Less.

· Weaver, P., Jansen, L., van Grootveld, G., van Spiegel, E. and Vergragt, P. (2000) Sustainable Technology Development, Greenleaf Publishing, Sheffield, UK.

Key Words for Searching Online

Natural Capitalism, Rocky Mountains Institute, Worldwatch Institute Organisation, Natural Capitalism Inc.
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Lecture 4: Emerging Technological Innovations

Educational Aim 

To provide some examples of technological innovations that are beginning to drive what we have referred to as ‘the next industrial revolution’ for sustainable development. To also note the importance of existing innovations that may have the potential to be dramatically transformed.

Required Reading

Hargroves, K. and Smith, M. (2005) The Natural Advantage of Nations: Business Opportunities, Innovation and Governance in the 21st Century, Earthscan, London:

	Chapter
	Page

	1. Chapter 1 – ‘Significant potential for resource productivity improvements (including Table 1.1), Creating competitive advantage of the firm.’ (2.5 pages)
	pp 13-16

	2. Chapter 13 - ‘National Systems of Innovation’, Table 13.1 (1.5 pages)
	pp 256-257

	3. Chapter 17 - ‘Profitable Greenhouse Solutions’, Table 17.2 (4 pages)
	pp 331-334

	4. Chapter 20 - ‘Water: Nature’s Gold’, Table 20.1 (1 pages)
	p 390


Learning Points

1. In the case of modern society, two critical global needs are: 1) a dramatic improvement in resource productivity and, 2) a reduction in environmental impacts – or indeed (ideally) a net improvement in environmental conditions. We will require radical gains in resource productivity and energy efficiency, much larger than the incremental gains currently achieved in most day to day built environment and engineering applications.

2. Science and engineering innovations that could assist in moving toward a more sustainable society may be just around the corner – or are here already! Some examples include optoelectronics, fuel cell technology, materials science, nanotechnology and Biomimicry.

3. It is important for the professions to give careful consideration to the benefits and disadvantages of emerging innovations. Although innovations are intended to provide benefit, there are numerous historical examples of unsuccessful and harmful consequences. Some technologies - which on their own were previously deemed economically unfeasible or not useful - have the potential to be combined with other technologies to provide products and services with radical resource productivity improvements.  

4. There are numerous examples of governments, businesses and communities around the world who have already made the decision to address these needs (or who have ‘caught the wave’) and who are enjoying the successes that follow.  A well known international example is that of Interface Carpets. Ray Anderson, engineer, CEO and Chair of Interface carpets, said that realising the unsustainable practices performed by his company ‘was like a spear in my chest’, while reading Paul Hawken’s The Ecology of Commerce. This resulted in Ray completely changing the way his company does business, making Interface one of the most recognised sustainability-oriented companies in the world.
 The publication The Natural Advantage of Nations documents many other such case studies.
5. Examples where new and exciting techniques and technologies are leading to products and services with resource productivity improvements include:  
· Optoelectronics: Significant moves are being made to design the optoelectronic computer, designed to run on particles of light (photons), as opposed to the traditional electronics. About the size of a Frisbee, the optoelectronic computer concept is extremely fast (comparable to today’s fastest supercomputers), generates much less waste heat, and is more compact than the current electronic version.

· Materials science: Two engineers from University College London have devised a method of customising the properties of a three dimensional material structure to dramatically improve the efficiency of materials usage and ultra-lighting – making, for example, aircraft wings that are dense and strong close to the fuselage while making the tip of the wing light and flexible. This method uses the culmination of existing technologies including finite element analysis, genetic algorithms and rapid prototyping technologies.
 

Brief Background Information

Emerging Technologies as part of the Sixth Wave of Innovation 

The enabling technologies introduced above are further elaborated below:

1. Resource Productivity or Eco-Efficiency: DuPont’s Chairman & CEO Chad Halliday stated in March 2006 that, ‘In working to reduce greenhouse gas emissions, we achieved real benefits, including more than $2 billion in avoided costs due to energy conservation activities.’ Dow Chemicals has reduced its energy consumption per unit of production by 21 percent since 1994, saving itself $3 billion in the process. BASF has cut its annual costs at one site alone by €500 million through improved efficiency. 

2. Whole System Design: Whole system optimisation for a paper manufacturing plant found that the plant could be a net generator of electricity. The key trick is the gasification of the black liquor and biomass, releasing significant energy and heat through which to power co-generation, creating a surplus of electricity for the plant. But making this change to the system creates other changes which also need to be optimised. K. Maunsbach et al optimised the whole system to demonstrate that paper and pulp plants can be designed or re-designed to produce a net surplus of power.
 

3. Biomimicry: Mick Pearce is world famous for the way he mimics in building designs termite mounds in order to maintain pleasant temperatures (26 C), even in extreme conditions. As Mick Pearce describes it, ‘Termites encapsulate an environment fit for themselves and for the fungi which they cultivate. They are masters of air-conditioning without added power to the buildings they make.’ 

4. Green Chemistry and Engineering: Sydney-based Peter Steinberg and his colleague Staffan Kjelleberg have found a way to prevent bacterial build up or biofilms (bacterial colonies) on boats or any surface in water, using an environmentally benign approach with no heavy metals or harmful chemicals. They discovered a sea plant that emits a molecule to dissuade bacteria from colonising on its surface, effectively jamming the bacteria's communication networks. Using this insight, they mimicked the chemical and have subsequently invented an environmentally friendly anti-fouling substance that can be used on surfaces in hospitals, contact lenses and paints to reduce slimy build-ups in an environmentally benign manner. 

5. Industrial Ecology: The Kwinana Industrial Area of Western Australia is one of the early examples of industrial ecology. The region is home to an alumina nickel and an oil refinery, a coal and gasfied power station, a cement plant, three major industrial chemicals plants, a pigment plant, and a number of small to medium sized operators. A number of synergies have been realised so far – within the bauxite residue disposal areas; conversion of weak hydrochloric acid from pigment production into ammonium chloride for synthetic rutile production; and conversion of waste hydrogen and carbon dioxide into commercial gases. In total, there are 106 existing resource interactions taking place.

6. Renewable Energy: Professor Andrew Blakers and Dr Klaus Weber’s innovation has created more efficient solar cells while cutting the costs by 75 percent. Their work at the Australian National University’s Centre of Sustainable Energy Systems has stunned the industry with a simple but brilliant breakthrough. They slice the silicon wafers which convert sunshine into electricity and turn the slices side-on to the sun. This increases the surface area and reduces the amount of silicon needed, reducing the amount of expensive silicon needed by 90 percent.  

7. Green Nanotechnology: As Janine Benyus explains in her book Biomimicry, James Guillet of the University of Toronto is experimenting with the creation of specific chains and clusters of molecules designed to harness light and focus its energy. Guillet is experimenting with these molecular light harvesters to target the focused energy to break and/or create bonds between and within molecules floating in water, effectively doing ‘chemistry in water’.

Optional Reading

· Lovins, A.B., Datta, E.K., Feiler, T., Rabago, K.R., Swisher, J.N., Lehmann, A. and Wicker, K. (2002) Small is Profitable: the hidden economic benefits of making electrical resources the right size, Rocky Mountain Institute, Snowmass, Colorado.

· National Academy of Engineering (2002) Engineering and Environmental Challenges: Technical Symposium on Earth Systems Engineering, NAE. Available at www.nap.edu/catalog/10386.html. Accessed 7 June 2006.

Break-Out Activity

Waves of Innovation

Explore the evolution of innovation throughout the Industrial Revolution by considering the adaptation of Joseph Schumpeter’s ‘Waves of Innovation’ concept shown in Figure 3.1. The objective of this activity is to explore the concept that innovation in the emerging technologies is increasing rapidly. You will then discuss the opportunities for engineers and built environment professionals. 

1. In your group brainstorm reasons why the timeframe for innovation is getting shorter and shorter as the level of innovation increases.

2. Choose a field that is part of the 6th Wave from Figure 3.1 and see if you can brainstorm up to five potential areas of innovation. 

3. Try to then list five considerations that should be made in determining whether the innovation should be adopted by society.

Key Sustainability Vocabulary
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What do we mean when we say ‘Growth’?

Why is it important to talk about Growth?

The meaning of the term ‘growth’ and whether it is ‘good’ or ‘bad’, is hotly debated and discussed by those across the fields of economics, policy, and development, however, as this course is intended to introduce the language of sustainability, there is not time nor space to explore these issues in full detail here. Instead a brief introductory discussion is presented to cover a range of options for reducing the correlation between physical throughput in our economy (and impacts on our communities), and economic growth - a concept known as ‘decoupling economic growth from environmental and social pressure’.

There are a number of approaches when considering the concept of ‘growth’ within the sustainability field, each of which has its own definition of the problem and related approaches to the growth debate. A key issue in the debate is that some do not differentiate between types of ‘growth’, which can create significant confusion. The word ‘growth’ means different things to different audiences: some understand economic growth to be the amount of economic value and monetary transactions as measured by the GDP (Economic Growth), and some focus on the growth of physical throughput in the economy and its associated environmental pressure, waste production and resource use (Physical Growth).

It is argued in The Natural Advantage of Nations
 that it is possible to decouple economic growth from growth in biophysical throughput and environmental pressures/pollution, i.e. the successful efforts to phase out sulphur dioxide (SOx) emissions, asbestos, and ozone depleting chemicals. It has been demonstrated that it is possible to have economic growth while reducing environmental pressures – indeed the ideal would be to have a positive (restorative) environmental and social impact. 

The OECD have marked the ‘decoupling of economic growth from environmental pressures’ as one of their five goals for their 2001-2011 OECD Environmental Strategy. China has included the recognition that ‘economic growth is not equal to economic development and that growth is not the final goal of development’, which will be included in its 11th Five-Year Plan.

Well Known Angles to the Growth Debate

The arguments of many well known economists do not adequately differentiate between types of ‘growth’, which can create significant confusion in the ‘growth debate’. Much of the confusion arises from a language misunderstanding where some in the debate do not acknowledge that the word ‘growth’ means different things to different audiences. 

When businesses and governments talk about growth they generally mean economic growth: that is, (using the expenditure model of measuring Gross Domestic Product - GDP) the amount of economic value and monetary transactions as measured by the GDP. When Daly, Hamilton and some environmentalists talk about growth they focus on the growth of physical throughput in the economy and its associated environmental pressure. But economic growth and physical growth are, of course, not the same thing:

· Economic growth is acceleration in the production of economic value. 

· Physical growth of the economy means it has a larger material and energy throughput or has a larger stock of physical products, buildings or infrastructure. 

Some environmentalists dislike physical growth because it correlates with increased environmental pressures, damage and resource depletion. Paul Ekins, director of Research for Forum for the Future, author of the seminal publication Economic Growth and Environmental Sustainability,
 and Professor of Economics at the University of Westminster, writes that it is vital to distinguish between different types of growth:

· Growth in the economy’s biophysical throughput. 

· Growth in the economic value of that throughput.

· Growth in economic welfare/well being.

Having done that Ekins writes,
 

It is clear from past experience that the relationship between the economy’s value and its physical scale is variable, and that it is possible to reduce the material intensity of GNP. This establishes the theoretical possibility of NGP growing indefinitely in a finite material world.

The Importance of Defining ‘Growth’

Dana Meadows, lead author of the seminal book The Limits to Growth, explains the problem: 
 

It’s entirely too easy to classify things as ‘bad’ or ‘good’ and to keep those classifications fixed. For generations both population growth and capital growth were classified as an unmitigated good. On a lightly populated planet with abundant resources, there were good reasons for that positive valuation. Now, with an ever clearer understanding of ecological limits, it can be tempting to classify all growth as bad. The risk of managing in an era of limits demands greater subtlety and more careful classification. 

Some people desperately need more food, shelter and material goods. Some people, in a different kind of desperation, try to use material growth to satisfy other needs, which are also very real but non material: needs for acceptance, self importance, community and identity. It makes no sense, therefore, to talk about growth with either unquestioning approval or unquestioning disapproval. Instead, it is necessary to ask: Growth of what? For whom? At what cost? Paid by whom? What is the real need here and what is the most direct and efficient way for those who have that need to satisfy it? How much is enough? What are the obligations to share? 

The answers to those questions can point the way toward a sufficient and equitable society. Other questions will point the way toward a sustainable society. How many people can be provided for with a given throughput stream within a given ecological footprint? At what level of material consumption and for how long? How stressed is the physical system that supports the human population, the economy and other species? How resilient is that support system to what kinds and quantities of stress? How much is too much?

Decoupling Economic ‘Growth’ from Resource Use

The results of the United Nations Millennium Ecosystem Assessment in 2005 show that it is vital that all nations achieve more rapid decoupling of economic growth from environmental pressure. In 2001 the Australian Government committed to this goal through the then Federal Environment Minister Robert Hill’s
 active participation and support for the 2001–2011 OECD Environmental Strategy which included ’achieving decoupling of economic growth from environmental pressure’ as the 2nd of five key objectives. 

For decades business people and environmentalists have mistakenly believed that the more you do for the economy the worst off the environment will be and the more you do for the environment the worse off the economy will be. But this does not need to be the case; business and government can decouple profits and economic growth from environmental pressures. Already the world has shown through its efforts to phase out asbestos, ozone depleting chemicals, sulphur dioxide emissions and leaded petrol, that it is possible to achieve significant reductions in pollution (close to 100 percent decoupling) without harming economic growth. The OECD have already adopted decoupling of economic growth from environmental pressures as the recommended framework for all OECD nations.
 

The program of emissions control adopted by the Second Sulphur Protocol is a great example of what could be done for all major pollutants. The environmental objective of the Protocol was to eventually bring sulphur depositions in Europe within the critical loads of receiving ecosystems, which is a fundamental principle of ecological sustainability. The emission reduction required was of the order of a factor of ten. Initial perceptions were that it would be incredibly costly but the removal of subsidies from coal industries and the arrival of cost effective low sulphur fuel and technological innovations changed the cost situation such that the sustainability standard was attained with essentially no negative impact on economic growth at all. In this case economic growth and ecological sustainability were quite compatible.
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Figure v. Sulphur dioxide emissions from energy usage versus GDP from 1980-1998.
Source: OECD Secretariat (2002)

Redefining Growth

The Chinese Government has launched a landmark 11th five year plan which for the first time places ‘scientific’ (sustainable) development as its primary goal rather than economic growth. The Chinese People’s Daily newspaper stated under a heading of “From ‘Growth Rate’ to ‘Sustainable Development’”:

The recognition that economic growth is not equal to economic development and that growth is not the final goal of development, will be included in a Five-Year Plan for the first time [said analysts]. Top leaders have criticized old concepts of economic growth many times, saying that ‘economic development at the centre’ does not mean ‘with speed at the centre’. Blind pursuit of economic growth has led to blind investment, damage to the environment and false statistics. The country's helmsmen are worried that without changing China's concept of growth, the economy might develop an unbalanced structure with a lack of driving power. In the 11th Five-Year Plan, the economic growth will be defined as ‘Serving the people to improve life quality.’
Pan Yue, a vice minister of the State Environmental Protection Administration, was quoted in Germany's Der Spiegel magazine, saying,
  
This [Chinese economic] miracle will end soon because the environment can no longer keep pace. Acid rain is falling on one third of the Chinese territory, half of the water in our seven largest rivers is completely useless, while one fourth of our citizens do not have access to clean drinking water. One third of the urban population is breathing polluted air, and less than 20% of the trash in cities is treated and processed in an environmentally sustainable manner. Finally, five of the ten most polluted cities worldwide are in China.  

This has major implications globally as the economic growth of China is a significant factor in driving global economic growth currently. In addition to acknowledging sustainable development as its primary goal, the 11th five year plan also includes commitments to reduce energy consumption per unit of GDP by about 20 percent lower than the energy consumption measured at the end of the 10th five-year plan period. Furthermore, as a result of mounting concerns, the Chinese Government has committed to adopting Green GDP accounting. Xu Xianchun, director-general of the Department of National Accounts at the National Bureau of Statistics (NBS) in China, stated in 2004 that at the first stage, the NBS plans to adopt the calculation methods the United Nations enshrined in its comprehensive environmental economic account system.  

Xu stated that,
 
China is facing problems of over-consumption of resources in pursuit of rapid economic growth, adding that the pure concept of GDP fails to reflect the influence of economic growth on the resources and environment… The green GDP can help people understand the costs of resources and environment during the economic development, urging people to realize that it is unreasonable to purely seek economic growth while ignoring the importance of the resources and environment. 
Talking to Business – New Terms and Models

It is fundamentally important that the key emerging sustainability language and terms are understood before discussions around sustainability take place. The engineering and built environment profession must make sure that we are all ‘playing on the same playing field’, otherwise it is difficult to make sense of discussion, and progress may be unnecessarily slowed.

1. ‘Triple bottom line’ (TBL): TBL is about dropping the financial bottom line as a meaningful indicator of where you stand in the market place, and replacing it with a bottom line that properly acknowledges the interplay of the social, economic and environmental dimensions of our lives. 

a. The concept is often extended to an ‘Integrated Bottom Line’ concept, where it is recognised that ultimately business likes a single ‘bottom line’ for their finances. An ‘Integrated Bottom Line’ implies that the financial statement includes a holistic and integrated analysis of social, environmental and economic factors.

b. ‘Triple Bottom Line Plus One (TBL+1)’: The concept of the TBL has been extended by adding the governance dimension (TBL +1).

2. ‘Triple Top Line’: This is a term coined by McDonough and Braungart
 (leading sustainable development experts), to summarise a new design perspective that creates triple top line growth: products that enhance the well being of nature and culture while generating economic value. This is an extension of the Triple Bottom Line concept, used by businesses to try to balance traditional economic goals with social and environmental concerns.
3. ‘Natural Capitalism’: This is a set of trends and economic reforms to reward energy and material efficiency, and remove professional standards and accounting conventions that prevent such efficiencies.

4. ‘Service and Flow’: Service and flow helps introduce the motivations behind the shifting industry trend from being a manufacturer of products to a provider of services, therefore retaining the product end-of-life responsibility - as a way of dramatically reducing waste, improving resource efficiency, and increasing value to the customer. 

5. ‘Product Stewardship through Life-Cycle Analysis’: Engineers and designers need to keep in mind the short and long term implications of their work. Life Cycle Assessment (LCA) is a means of identifying the materials and waste streams throughout the life of a product or process and hence its impact on the environment.

Business Language - Triple Bottom Line or Integrated Bottom Line

If we are to achieve our environmental goals, they must be pursued in a holistic context, blending advancements in social, environmental and economic areas. 

As former Australian Senator, Robert Hill, stated,
We need to develop decision-making processes which take into account not only the financial costs and benefits of our actions, but also the social and environmental consequences. Those processes will need to shift the focus away from short-term economic gain toward long term economic, social and environmental impacts: the triple bottom line.
Robert Hill, former Australian Senator, 2000

Society therefore needs to pursue its environmental, social and economic goals simultaneously. In order to achieve sustainable development across such a triple/integrated bottom line spectrum we have to ask, in relation to each domain (environmental, social and economic), what do we want to sustain/maintain and why? Society is interested not only in maintaining environmental, social and economic values (i.e. sustaining things or attributes that it values), but also in improving on past conditions (i.e. achieving genuine progress). 

As Phillip Sutton,
 Director of Green Innovations, writes, 

The term ‘sustainability’ alone is not about the integration of ecological, social and economic issues, nor is it about improving quality of life. It's about maintaining or sustaining something, literally the ‘ability to sustain’. Many environmentalists mean 'ecological sustainability' when they say 'sustainability' and many business people mean 'economic sustainability'. But when we use the term 'sustainability' the inferred meaning is 'ecological, social and economic sustainable development' (a combination of the three plus the dynamic aspect of improvement encapsulated in the word ‘development’). What we need to bear in mind, is that over the long term, financial and economic outcomes are not sustainable unless genuine progress is made to develop and restore nature and social capital. And that it is not possible to achieve a desired level of ecological, social or economic sustainability (separately) without achieving at least a basic level of all three aspects of life and society, simultaneously.

Philip Sutton, Green Innovations, 2000

A key word search on the internet reveals a surprising array of organisations that report in this way. The Global Reporting Initiative (GRI) is an example of a guideline on ‘how to do’ TBL reporting. The GRI is a multi-stakeholder process and independent institution, whose mission is to develop and disseminate globally applicable sustainability reporting guidelines.

Triple Top Line

The triple bottom line has been, and remains, a useful tool for integrating sustainability into the business agenda. By balancing traditional economic goals with social and environmental concerns, it has created a new measure of corporate performance. However, a business strategy focused solely on the bottom line can obscure opportunities to pursue innovation and create value in the design process. New tools for sustainable design can refocus product development from a process aimed at limiting end of pipe liabilities to one geared toward creating safe, quality products right from the start.

The new ‘triple top line’ design perspective is proposed by Bill McDonough and Michael Braungart and seeks to create triple top line growth: products that enhance the wellbeing of nature and culture while generating economic value. Design for the triple top line follows the laws of nature to give industry the tools to develop systems that safely generate prosperity. In these new human systems, materials become food for the soil or flow back to industry forever. Value and quality are embodied in the products, processes and facilities, which are so ecologically intelligently designed, they leave footprints to delight in rather than lament, as McDonough and Braungart put it. When the principles of ecologically intelligent design are widely applied both nature and commerce can thrive and grow.

Natural Capitalism

Natural Capitalism is a new business model that involves four interrelated shifts in business practice:

· Principle 1: Radical Resource Productivity - radically increase the productivity of natural resources (e.g. by ‘factor 4’ (75 percent reduction), ‘factor 10’ (90 percent reduction), etc.) through a Whole System Design mentality that fundamentally changes facilities, production processes, and products.

· Principle 2: Biomimicry - shift production to biologically inspired patterns that close materials loops, eliminate waste and toxicity, and minimise throughput.

· Principle 3: Solutions Economy Business Model - move to a solutions-based business model that delivers value as a continuous flow of services rather than the sale of goods. This model rewards both the provider and the customer for doing more and better with less for longer.

· Principle 4: Reinvest in Natural and Human Capital - reinvest in natural and human capital, which is ultimately the basis of future prosperity, yet it is in increasingly short supply.

Service and Flow

As consumers, we don’t necessary want a lump of coal, a beam of aluminium or a container of toxic chemicals – we want the services they provide (such as power, shelter, mobility or cleaning services). Thinking in this way creates a distinction between what is made as a product, and what need it is intended to satisfy. In the 1980s analyst Walter R. Stahel
 and green chemist Michael Braungart
 proposed an industrial model different to the version manufacturers traditionally used. Instead of an economy comprising of making and selling goods, Stahel and Braungart proposed what they called the ‘Service Economy’.
 In a service economy, manufacturers are deliverers of a service (rather than producers and sellers of products), aiming to provide longer lasting durables and offer a take-back and reuse service at the end of the product’s useful life. 

Shifting from a ‘cradle-to-grave’ product (a product that is made, used, and transferred to landfill at the end of its useful life) to a ‘cradle-to-cradle’ product (C2C – a product that is made, used and reused) can bring information on the product’s performance back to the designer to enable improvements. Ideally the product would last as long as it can with the consumer and then return to one of two metabolisms to be reused – either in the biological cycle or the technical cycle.

Business benefits of service and flow:

· Resource efficiency gains - on average, three times as much energy is used to extract virgin or primary materials as is used to manufacture products from those materials, and hence reusing these products saves a lot of energy, cost and greenhouse emissions.

· Stabilising business cycles - customers require services continuously throughout the year, whereas products are typically bought only during good years.

· Reduction/elimination of inventory - removes the burdens associated with over- and under- capacity. Providing services means omitting delivery or backlogs of products.

Safety Kleen
 are in the business of providing industrial cleaning and environmental services, and managing the transport, use, recovery and disposal of chemicals in oil collection and re-refining, containerised waste, cleaning products, ink and paint stripping, parts washing, and vacuum services. Recently, the Austrian government, in conjunction with several companies, commissioned two studies into the potential for service based chemical leasing. These studies concluded that:

· Four thousand Austrian companies, with 2250 in the cleaning/degreasing industry would qualify for chemical leasing programs.  

· Austria’s annual use of 153,000 tons of chemicals could be cut by 53,000 tons per year, immediately reducing cost, emissions and waste.

· The reduced solvent use would result in environmental benefits, distributed as 10 percent air emissions, 15 percent water emissions and 75 percent waste.

· An average company could expect cost savings of 15 percent, or about €6,100.

Product Stewardship through Life-Cycle Analysis

Engineers and Designers must take a long term approach to the design of their solutions – what societal, environmental, and economic impacts will the design have over the short, medium and long term? 

· Social implications – who does the solution affect, now and in the future? Example: Prolonged greenhouse emissions from automobiles will lead to inevitable climate change – the life-threatening effects of climate change may not be experienced in our lifetime, but definitely in the lifetimes of our future generations.

· Environmental implications – what effect does the solution have in the long term? Example: Wind turbines are one of the cleanest generators of electricity available. The optimal materials for the turbine blades are plastic composites, which are extremely difficult to separate and recycle at the end of its life (average wind turbine blade life is 25 years).  How can we recycle these composites, or make wind turbine blades out of a recyclable material, to prevent stockpiles of composite plastic waste in the future?

· Economic implications – what are the future costs associated with the design? Maintenance costs, waste management costs, costs relating to increases in utility rates, and dependence on resources which may increase in costs over the coming decades? 

· Return on investment – how fast can the solution recuperate the costs associated with implementing the solution? Example: Implementing a new energy efficient manufacturing technology may require greater initial costs compared to maintaining the current technology. However the savings associated with reduced energy costs and high productivity/less maintenance may over a short period of time (e.g. 2-3 years) repay the initial costs associated with implementing the new technology, and create increased profits for the manufacturing company.

According to the ISO 14040 series, LCA is conducted by 1) developing an inventory of all inputs (materials, energy) and outputs (waste, emissions, other environmental impacts); 2) evaluating potential impacts based on inputs and outputs compiled in inventory; and 3) interpreting results. , Using the example of making a t-shirt, step one might look something like this:

a. Raw Materials – fertiliser, energy, water

b. Processing – energy, cleaners, dyes

c. Manufacturing – energy, waste

d. Packaging – paper, plastics, waste

e. Transport – energy

f. Use – bleach, detergents, water, energy

g. Either one of 1) Disposal, 2) Reuse (go back to point f.), or 3) recycle (go back to point a.)

If businesses take a life cycle approach to their daily activities, they not only take into consideration the finished product or service by the inputs and outputs at each state of the process (or production or service delivery), but also how it will impact the environment and community. A lifecycle approach helps us to engage in whole systems thinking – both understanding the complex interactions between energy and material throughout the life of a product, and thinking in the long term about the impacts on the environment and society. LCA ultimately helps industry, government and the consumer make informed decisions about product purchasing.
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Lecture 5: Efficiency - Resource Productivity Improvement

Educational Aim

To demonstrate that efficiency – doing more with less for longer - is a positive first step towards sustainability. To introduce the concept of efficiency and explain how it leads to efficiency gains for firms, increased profitability and other benefits. To explain why efficiency on its own will not be enough to achieve sustainable development. 
The topic of efficiency will be further developed in ‘Role of Engineers in Sustainable Development B’ and ‘The Role of Efficiency in Sustainable Development’, discussing in detail how to achieve sustainability benefits from efficiency through providing further checklists and further online resources to assist the engineer and designer. 

Required Reading

Hargroves, K. and Smith, M.H. (2005) The Natural Advantage of Nations: Business Opportunities, Innovation and Governance in the 21st Century, Earthscan, London:

	Chapter
	Page


10 pp

	Chapter 6: Natural Advantage and the Firm. ‘Achieving Radical Resource Productivity’ Table 6.6 (1 page).
	p 99

	Hawken, P., Lovins, A. and Lovins, L.H. (1999) Natural Capitalism: Creating the Next Industrial Revolution, Earthscan, London. 
	pp 11-14


Learning Points

1. Global demand for energy and resources in the 21st century is forecast to significantly rise with fast growing economies like China already outstripping the USA in the consumption of many resource commodities. Achieving greater and greater levels of efficiency will be vital to ensuring long term sustainable prosperity for the global economy, especially when coupled with design and operations improvements. To achieve the goal of sustainable development the first step therefore is ‘to do more with less for longer’. Activities that are more efficient are those that provide the same or better product or service while using fewer inputs such as energy, water and materials. 

2. Many resources humankind uses are non-renewable (fossil fuel, metals) and many other renewable resources are being used at unsustainable rates (freshwater, fish, forests). Given the very real possibility that we may be pushing ecological systems into collapse, we must reduce humanity’s environmental load on the planet by using these resources wisely and efficiently. 

3. Many aspects of the current industrial-economic system that supply energy, water, transportation and materials are ecologically unsustainable. It will require significant investment to create sustainable and renewable energy and water infrastructure worldwide. Recycling plants will need to be built as well as factories which use less energy-intensive ways to create chemicals and materials. It defeats the purpose for nations to build wind and solar farms, for businesses and industry to invest in sustainable energy supply and water recycling, households to invest in solar hot water heaters and water tanks, if they then use these resources inefficiently, especially in light of the fact that many people do not even have access to such services.

4. Since many aspects of the transition to sustainability will involve investments it is wise to invest in those environmental strategies that ensure the fastest return on investment. Doing so will ensure that the greatest environmental outcomes will be achieved for each dollar spent over time. Utilising resources and energy more efficiently is often the most cost effective way for companies, organisations, governments, schools, and households to begin their journey to sustainability. 

5. Business has already demonstrated the environmental and financial benefits of efficiency. Efficiency improvements leads to companies achieving lower capital and operating costs, increased yields, and reductions in resource and energy use. 

6. The benefits from efficiency improvements can improve the competitive advantage of business. The best evidence of significant efficiency opportunities for most companies is shown by the fact that six companies have achieved over US$1 billion dollars in savings through energy efficiency alone while reducing greenhouse gas permissions over 60 percent.
 Additional benefits of pursuing efficiencies include the following:

· Insulate businesses from commodity price hikes and other shocks.
· Efficiency initiatives have been shown to unleash the creativity of staff.
· Efficiency initiatives have been shown to help companies improve decision making processes. 

7. The potential to achieve resource efficiency and cost savings exists because the current industrial production and consumption system is so wasteful. As Paul Hawken wrote in The Ecology of Commerce,
 ‘Just 6 months after products have been bought, 99% of them have already become waste.’ There are numerous ways to ensure that resources are used more productively.   

8. Efforts to increase energy and resource efficiency have an ancient history. The ancient Greeks utilised passive solar design of buildings to reduce the amount of heating required by buildings from wood fires. In the fields of ocean transportation, significant efficiencies in wind power were achieved before the first industrial revolution. Leonardo De Vinci admired the shape of dolphins which enabled them to carve through the ocean water so efficiently. 

9. It is important to note that an efficiency saving is not the same as an energy, water or materials reduction. People assume that if a company makes its processes more energy efficient by 66 percent, or if in a household an inefficient light bulb is replaced by a 90 percent more efficient one then that will lead to a 66 percent and 90 percent reduction in energy respectively. Similarly people assume that if a family buys a hybrid car (approx 50 percent more efficient than a standard car) then they will use 50 percent less petrol. Unfortunately, it is not that simple. 

· In the book The Coal Question,
 it showed that a greater than 66 percent efficiency improvement in the making of steel per unit amount of coal was followed in Scotland by a tenfold increase in total consumption of coal.

· The consumer, now saving 90 percent electricity on their lighting bill may forget to turn the light off, and will not hesitate to leave it on for prolonged periods. 

· The family now only paying half as much for a litre of petrol may decide that they can afford to drive the car more, or drive it faster. 
This is known as the ‘rebound effect’.
10. Without purposeful sustainability policies, and incentives for sustainability orientated behaviour change, efficiency can lead to rebound effects that lead to even greater resource consumption due to either making an industrial process much cheaper (leading to its greater global uptake) or removing the financial incentive for behaviour change.

Brief Background Information

The World Federation of Engineering Organisations in their 2001 Model Code of Ethics, calls on engineers to improve energy and materials efficiency, stating, [engineers should] strive to accomplish the beneficial objectives of their work with the lowest possible consumption of raw materials and energy and the lowest production of wastes and any kind of pollution. Global demand for energy and resources in the 21st century is forecast to significantly rise. This rapid growth in resource consumption is not only due to the increasing population, but also due to the rapid economic growth of China and India. In 2005, China’s growing economy consummed more grain, meat, coal and steel than the US and became the World’s leading consumer.
 The US still consumes the most oil, however China is fast catching up and leads in the consumption of manufactured goods such as fertilizer, electronics, household appliances and personal computers. Achieving greater and greater levels of efficiency will be vital to ensuring long term sustainable prosperity for the global economy.

Engineers around the world understand that they have a tremendous responsibility in the implementation of sustainable development. Many forecasts indicate there will be an additional five billion people in the world by the middle of the 21st century. This requires more water, waste treatment systems, food production, energy, transportation systems, and manufacturing -- all of which requires engineers to participate in land planning, and to research, study, design, construct, and operate new and expanded facilities. This future ‘built environment’ must be developed while sustaining the natural resources of the world and enhancing the quality of life for all people.

World Federation of Engineering Organisations, 1997

Efficiencies

One of the first uses of the word 'efficiency' in relation to sustainable development was by the World Business Council for Sustainable Development (WBCSD) in their 1992 publication 'Changing Course'. The term was used to seek to encapsulate the idea of using fewer resources and creating less waste and pollution while providing the same or better services. According to the WBCSD,
 efficiency entails the following:

· A reduction in the material intensity of goods or services, 

· A reduction in the energy intensity of goods or services, 

· Reduced dispersion of toxic materials, 

· Improved recyclability, 

· Maximum use of renewable resources, 

· Increased durability of products, and 

· Greater service intensity of goods and services. 

The 1992 Earth Summit endorsed ‘efficiency’ as a means for companies to implement Agenda 21 in the private sector. Stephan Schmidheiny, the inaugural honorary chairman of the World Business Council for Sustainable Development, said in 1996, "I predict that within a decade it is going to be next to impossible for a business to be competitive without also being 'efficient':  adding more value to a good or service while using fewer resources and releasing less pollution." As Schmidheiny predicted, efficiency has been working its way into industry with extraordinary success. The number of corporations committing themselves to it continues to increase. Its famous three R’s (Reduce, Reuse, Recycle) are steadily gaining popularity in the home as well as the workplace. The trend stems in part from efficiency's economic benefits, which can be considerable. 

Business Benefits of Efficiency 

Companies need to find new ways to improve their competitive advantage, this can be done through activities that both reduce operational costs through greater efficiency and create innovative ways to deliver higher quality ‘greener’ products to differentiate them in the market and even command premium prices. There are many ways that effective environmental management can help firms to realise this, i.e. through process innovation (efficiencies), and product differentiation through ‘more efficient’ manufactured products (innovation). When profit margins are being squeezed efficiency savings can prevent companies going into the red. International carpet manufacturing giant Interface Ltd believes that its efficiency savings, now worth over $200 million per annum, were vital to ensuring that it survived the significant post 9-11 downturn in the US carpet market. According to research undertaken by The Climate Group, a UK based think tank, five multinational companies – Bayer, BT, Dupont, Norske Canada and IBM - have now all achieved 60 percent or more reductions in greenhouse gas emissions while saving in total over US$5 billion.
 

Such efficiency savings, while seeming small relative to the overall costs of a business, can be equal to a company’s current profit margin. 

	Process benefits to reduce costs through eco-efficiencies
	Product benefits to reduce costs and create product differentiation through eco-innovation

	· Material savings from better Whole System Design.

· Increases in process yields and less downtime through designing‑out waste and designing the plant and process to minimise maintenance and parts.

· Better design to ensure that by-products and waste can be converted into valuable forms.

· Greater resource productivity of inputs, energy, water and raw materials to reduce costs.

· Reduced material storage and handling costs through ‘just in time’ management.

· Improved OH&S.

· Improvements in the quality of the product or service.
	· Higher quality, more consistent products.

· Lower product costs (for instance, from material substitution and improved plant efficiencies).

· Lower packaging costs.

· More efficient resource use by products.

· Safer products.

· Lower net costs to customers of product disposal.

· Higher product resale and scrap value.

· Products that meet new consumer demands for environmental benefits.


Table 5.1. Benefits of eco-efficiencies and eco-innovation to a firm’s competitive advantage

Source: Porter, M. and van der Linde, C. (1995)

Several authors
 have studied the relationship between productivity and energy efficiency and found a direct relationship using different methodologies and datasets. Their research shows there are multiple benefits for companies implementing more efficient processes and products. 

Efficiency improvements for companies leads to lower capital costs and operating costs, increased yields, and reductions in resource and energy use. Any industrial technology or process improvement will result in one or more of these beneficial outcomes. Some efficiency improvements may primarily be aimed at one goal, but also generally include beneficial impacts on other aspects of a production process. For instance, certain technologies that are identified as being ‘energy-efficient’ because they reduce the use of energy will bring a number of additional enhancements to the production process. 

These improvements, including lower maintenance costs, increased production yield, safer working conditions, and many others, are collectively referred to as ‘efficiency benefits’ or ‘non-energy benefits’ because in addition to reducing energy, they all increase the efficiency of the firm. Key publications like Factor Four have highlighted the remarkable achievements already being seen when resource efficiency approaches are applied. In the book Factor Four the authors brought together the range of benefits and the business case reasons for resource efficiency: 
 

1. Live better: Resource efficiency improves quality of life. Efficient lighting systems help people to see with less electricity, less toxins in products and food are healthier, more resource productive factories produce better goods, and healthier environments are created with more energy-efficient and cleaner buildings.

2. Pollute and deplete less: Efficiency reduces waste and pollution, which is otherwise a resource out of place, and can contribute to solving significant global issues such as human-induced climate change through greenhouse gas emissions and water shortage. 

3. Make money: Resource efficiency is usually undertaken at a profit, as money is saved in two ways - by converting valuable resources into useful products and services (rather than non-useful waste) and by reducing the clean-up, remediation, transport, treatment, and disposal costs associated with the waste that is created. 

4. Harness markets and enlist business: Market forces combined with innovative policy structures and market mechanisms can drive resource efficiency, much of it can be driven by individual choice and business competition.
5. Multiply use of scarce capital: The money saved with resource efficiency practices can be reinvested to solve further efficiency problems. For example, if a developing country invests in equipment to make energy-efficient light bulbs, it can provide the energy services at a tenth of the cost of building another power station. 
6. Increase security: Resource scarcity and competition can be the source of international conflict – oil, minerals, forests and water are resources vital to the functioning of a country, and access to such resources based in foreign countries can be a primary reason for war.
7. Be equitable and have more employment: Resource efficiency activities can be the source of increasing employment – by reducing the amount of unproductive resource allocation, money can be saved and reinvested into more productive labour.
These ‘eco’ efficiencies have been so successful that many governments now have programs to assist industry develop efficiency strategies as part of their broad portfolio to become internationally competitive. As the Australian government wrote, ‘There is an ever increasing need for industry to address sustainability and energy issues cost effectively to enhance their domestic and international competitiveness.’
 As a result of this understanding, governments are increasingly providing programs with online resources to help implement these changes in business, with everything from freely downloadable Environmental Management Systems
 to databases on efficiency techniques for many industries.
 

The Rebound Effect

Some argue that the ’rebound effect’ is common, that is, when a more efficient technology is introduced, lower costs often prompt people to increase their consumption of resources. Rebound effects could possibly negate many efficiency advances. Whether efficiencies lead to negative rebound effects or their opposite, known as positive amplification effects, is crucial to achieving sustainable development. In broad terms, there are two dimensions to the ‘rebound effect’:

The first type is technological/cultural rebound. Here, as a result of the application of an efficient technology, the level of service provided increases. At the extreme, this can lead to a situation where additional investment in more energy-intensive equipment occurs because of the increased technological capability. For example, the owner of a space-heated home may find that, when it is insulated, a space heater can heat most of the home, so they may then invest in a central heating unit (rather than a ducted one) in the belief that it will not cost too much more to run and the house will be heated throughout. The second type of rebound effect is economic rebound. In this case what happens is that the money saved for instance from saving energy (after the cost of the measure has been repaid), then flows through the economy, giving people more money to consume products and services, which may lead to additional energy use overall.

Many assume these rebound effects are significant but they don’t need to be. It is just as likely that positive environmental change will lead to people in their homes and workplaces undertaking more environmental initiatives, not less. If the money saved is spent on, for instance, a lower energy intensive activity (such as hiring a DVD or paying for cable TV), then there may actually be a savings amplification effect, as the level of indirect energy use in the economy will be reduced by the shift in expenditure, while the household will continue to use less energy due to the efficiency improvement.

If the money saved is invested in other energy saving measures then there is a larger amplification effect because they save even more. Furthermore, it is likely that widespread behaviour of this kind will influence the behaviour of manufacturers who are more likely to improve the efficiency of their products and services in order to maintain market share. The point of discussing these various possible outcomes of improving energy efficiency is to highlight the fact that they can vary from large rebound effects to large amplification effects. Policies, education and information can influence the outcome significantly. Driving aggressive mandatory energy efficiency standards with quite long payback periods can divert money towards investment in energy efficiency and away from other economic activity, reducing the rebound effect. 

Changing the behaviour of product and service suppliers can also result in an ‘amplification effect’. Policies such as eco-taxes, ‘feebates’
 and Germany’s best available technology legislation
 that have been covered in Chapter 8 of The Natural Advantage of Nations can do much to prevent negative rebound affects and instead in theory promote large amplification affects. In Chapter 11 of The Natural Advantage of Nations more mechanisms of government are presented that can help provide incentives for positive amplification effects to occur instead of negative rebound effects. In Chapter 21 of The Natural Advantage of Nations, Chris Ryan contributed an extensive framework on Sustainable Production and Consumption that provides a comprehensive program to address negative rebound effects and encourage amplification effects. In many ways simple behaviour changes and lifestyle choices offer the most cost effective ways to reduce greenhouse gas emissions. If people chose to walk to the shops rather than driving a car or turning off the lights they are not using at work this can significantly reduce greenhouse gas emissions while having no negative effect on well being or economic productivity.
Optional Reading

1. Australian Government Department of Industry, Tourism and Resources (n.d.) Energy Efficiency Best Practice Program, Available at http://www.industry.gov.au/. Accessed 3 January 2007.

2. Department of Environment and Heritage (n.d.) Corporate Sustainability. Available at http://www.deh.gov.au/industry/corporate/eecp/index.html. Accessed 3 January 2007. This page offers over 155 Australian Case Studies of the Eco-Efficiencies/Cleaner Production benefits of applying aspects of environmental management systems. 

3. Department of Environment and Heritage (n.d.) Mining. Available at http://www.deh.gov.au/settlements/industry/minerals/index.html. Accessed 3 January 2007. This page offers Environmental Management guidelines and resources for the Mining Sector. 

4. DeSimone, L. and Popoff, F. (1996) Eco-Efficiency: the Business Link to Sustainable Development, MIT Press, Cambridge MA/London.

5. Five Winds (2005) Eco-Efficiency Training Module, WBCSD, Geneva. Available at  www.wbcsd.org/DocRoot/MRdaDUNiWNU4NZlWw9eM/ee_module.pdf. Accessed 3 January 2007. http://www.wbcsd.org/plugins/DocSearch/details.asp?type=DocDet&ObjectId=MTgwMjc. Accessed 3 January 2007.
6. Hawken, P., Lovins, A.B. and Lovins, L.H. (1999) Natural Capitalism: Creating the Next Industrial Revolution, Earthscan, London. 

· Chapter 1: The Next Industrial Revolution. Available at http://www.natcap.org/images/other/NCchapter1.pdf. Accessed 3 January 2007. 

· Chapter 3: Waste Not. Available at http://www.natcap.org/images/other/NCchapter3.pdf. Accessed 3 January 2007. 

7. von Weizsäcker, E., Lovins, A.B. and Lovins, L.H. (1997)  Factor 4: Doubling Wealth, Halving Resource Use, Earthscan, London, Chapter 1: Twenty Examples of Revolutionising Energy Productivity.  

8. WBCSD (1999) Eco-Efficiency: Creating More Value with Less Impact, WBCSD, Geneva. Available at http://www.wbcsd.org/DocRoot/3jFPCAaFgl1bK2KBbvV5/eco_efficiency_creating_more_value.pdf. Accessed 3 January 2007. 

9. WBCSD (1999) Measuring Eco-Efficiency: A Guide to Reporting Company Performance, WBCSD, Geneva. Available at http://www.wbcsd.org/DocRoot/sB8NSMPNP52ho8GXunY6/MeasuringEE.pdf. Accessed 3 January 2007. 

Key Words for Searching Online

Efficiency, World Business Council for Sustainable Development, Eco-Efficiency. Eco-efficiency Initiatives such as the European Eco-efficiency An initiative of the World Business Council for Sustainable Development, the Initiative (EEEI) European Partners for the Environment (EPE) and the European Commission for Enterprises to promote eco-efficiency Europe-wide. Details on its objectives, action areas and progress can be found on the EPE site by selecting ‘Resources’ then ‘Most Recent Objectives’. (www.epe.be/programmes/eeei/index.html) 

Exercise 

a) Imagine an industry sector that you always wanted to work in and pretend that you are the CEO of a business in that sector. 

b) Choose whether your business is Large, Medium or Small? 

c) Either by law or by choice you wish your company to identify and implement efficiency opportunities. What are your first steps as a CEO? Who in the company should be responsible for the program? Does the company need to implement an Environmental Management System? These are just some of the issues you as CEO face. 

Your exercise is to list ten of the most important steps that a CEO needs to take to successfully implement a strategy to identify and realise the most cost effective efficiency gains possible for their business. These efficiency gains have a four year or less rate of return on investment.   
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Lecture 6: Role of ‘Systems’ for Sustainable Development  

Take an integrated systems approach or an overall holistic approach to considering all stakeholders and the effect on the environment when attempting to solve problems. Rather than focusing solely on the technology aspects, and solving one problem at the expense of another, aim for a co-ordinated overall solution. Base problem solutions primarily focus on existing or new human needs, rather than on finding a use for newly-available technological means. Approaches that are multi-faceted and synergistic are preferable to single issue approaches.

IPENZ, Sustainability Report, 2006

Educational Aim

To introduce the main concepts of Whole System Design (WSD) and show how WSD builds on from and complements design for environment and design for sustainability strategies. To introduce a ten step operational checklist for implementing WSD into engineering practice.

Required Reading

Hargroves, K. and Smith, M.H. (2005) The Natural Advantage of Nations: Business Opportunities, Innovation and Governance in the 21st Century, Earthscan, London:

	Chapter
	Page

	Introduction: Insurmountable Opportunities (4 pages).
	pp 1-4

	Chapter 1: Natural Advantage of Nations, Progress, Competitiveness and Sustainability (5 pages).
	pp 7-11


Learning Points 

1. Engineering greater efficiency is a valuable first step to cost effectively helping business, government, and households reduce their resource consumption and negative impact on the environment. The reality is that sustainability will not be achieved overnight, it will involve a significant transition time period. All organisations face financial constraints. For these reasons efficiency is important because it allows any organisation – home, business etc. – to achieve rapid rates of return on investment while reducing environmental impacts. However, reducing humanity’s impact by 10-40 percent through efficiencies is not going to be enough to achieve ecological sustainability. How then can larger Factor X, where X = 4 - 50 (75-98 percent) reductions in environmental pressure be achieved? 

2. Efficiency strategies can achieve greater results if a systems engineering approach is taken.  The key step of systems engineering is to ask what need or service is required? Energy and materials are not used for their own sake. They are inputs into a system that produces an output that is considered useful or valuable to society. Taking this systems approach helps ensure that designers and engineers examine the many choices that are available to meet a specific need, each with its own unique energy and material needs and environmental impacts. Taking this whole of systems approach facilitates the consideration of options that lie ‘outside the square’.
3. Systems engineering, done well, can achieve factor X, where X = 4 - 20 (75-95 percent) reductions in environmental impact because in the past engineers have sometimes failed to see large potential efficiency savings because they have been encouraged to only optimise parts of the system - be it a pumping system, a car or a building. Engineers have often been encouraged to find efficiency improvements in only part of a plant or a building but rarely encouraged to seek to re-optimise the whole system. ‘Incremental product refinement’ has been traditionally undertaken by isolating one component of the technology and optimising the performance or efficiency of that component. Though this method has its merits with the traditional form of manufacturing and management of engineering solutions, it prevents engineers and designers from achieving more significant energy and resource efficiency savings, which can also be at less cost. 

4. Most energy using technologies are sub-optimally designed so that components are optimised in isolation, and optimised for single rather than multiple benefits. For example, most technologies are designed sub-optimally in three ways, which are so pervasive both often go unnoticed:
 
· Components are optimised in isolation (thus ‘pessimising’ the systems of which they are a part), 

· Optimisation typically considers single rather than multiple benefits, and 

· The right steps are not always taken at the right time and in the right sequence.

5. Taking a systems engineering approach ensures that efficiency opportunities which could lead to reductions in resource consumption and reductions in pollution (such as greenhouse gas emissions) are not missed. Through considering the whole system, the full potential of efficiency savings can be realised. Example: consider a system with six energy-consuming components in series. Improving the efficiency of each component by 10 percent results in 0.9 x 0.9 x 0.9 x 0.9 x 0.9 x 0.9 = 0.53, i.e. 47 percent in energy-efficiency savings.

6. Hitchins’ list of Systems Engineering Tenets serves as a general guide for systems engineering. His list of tenets is as follows:
 
a. Approach an engineering problem with the highest level of abstraction for as long as practicable. 

b. Apply ‘disciplined anarchy’, that is, explore all options and question all assumptions.

c. Analyse the whole problem breadth-wise before exploring parts of the solution in detail. Understand the primary system level before exploring the sub-system.

d. Understand the functionality of the whole system before developing a physical prototype. 

7. Such an approach has a key role to play to help achieve sustainable development, especially if it is used at the design phase to optimise the whole system, e.g. built environment, buildings, products, industrial plants. As Hawken et al wrote in Natural Capitalism,
 
By the time the design for most human artifacts is completed but before they have actually been built, about 80–90 percent of their life-cycle economic and ecological costs have already been made inevitable…as the design adage has it, ‘All the really important mistakes are made on the first day’. 

8. Over the last twenty years engineers using Whole System Design techniques have found that they can achieve Factor 4 – 10 (75-90 percent) resource and energy efficiency improvements which profitably reduce our load on the environment. Such results have now been achieved for many typical engineering systems from pipes and pumps, to buildings, to HVAC systems, to cars. This is because in the past many engineered systems did not take into account the multiple benefits that can be achieved by considering the whole system. 

9. Large Factor X results can be achieved through Whole System Design partly because in most organisations (whether they be business or in the home) there is insufficient measurement of the energy and material flows used. Further, rarely are those responsible aware of what is possible. Hence often many inefficiencies have been left unaddressed for some time. 
10. Case study: by applying whole system engineering design, Jan Schilham cut the pumping power of a pipes and pumps system by 92 percent while reducing its capital cost and improving its performance in every respect.
  
Brief Background Reading 

Defining Terms: What is a system? 

A system can be defined as an open set of complementary, interacting parts with properties, capabilities, and behaviours emerging both from the parts and from their interactions.
  Changing one part of the system will ultimately have an effect on the performance of other system parts.

Analysing the above definition, focus on the key words and phrases: 

· Open - implies hierarchy and architecture open to interchanges with other systems.

· Set - the parts have something in common.

· Complementary - implies order, structure, mutual contribution and completeness.

· Interacting - implying dynamic behaviour.

· Parts - which are also systems themselves (and could be called ‘subsystems’).

· Emerging from parts and interactions - properties that are characteristic of both the individual parts and the result of the interactions between these parts.

Understanding causal relationships (i.e. cause and effect) and identifying patterns in system behaviour (such as feedback loops and coupling effects), makes it possible to look for opportunities for improvement.

As engineering has become more specialised many engineering designs have been typically implemented using ‘partial systems engineering’ which leads to incremental improvements through optimisation of the components in isolation of the greater system. A whole of systems engineering approach is about asking the right questions by considering the whole system in which the problem (e.g. product or service) is embodied. 


Such an approach has a key role to play in achieving sustainable development. This is because most efficiency projects deal with only some elements of an energy/material-consuming system, not the whole system. That is one reason why they fail to capture the full savings potential. Consider a simplified example of an electric motor driving a pump that circulates a liquid around an industrial site. This system includes the following elements:

· electric motor (sizing and efficiency rating)

· motor controls (switching, speed or torque control)

· motor drive system (belts, gearboxes etc)

· pump

· pipework

· demand for the fluid (or in many cases the heat or coolth it carries)

The efficiencies of these elements interact in complex ways that, ideally, should be modelled. But consider a simplistic situation where the overall efficiency of the motor is improved by 10 percent (by a combination of appropriate sizing and selection of a high efficiency model). Then overall energy efficiency is improved by 10 percent. But if every element in the chain is improved in efficiency by 10 percent, then the overall level of energy use is:

0.9 x 0.9 x 0.9 x 0.9 x 0.9 x 0.9 = 0.53. That is 47 percent savings are achieved.

Case Study: How Whole System Design enabled the first industrial revolution to occur

One of the central learning points here is that many technological systems have been sub-optimally designed. This is because engineers have optimised parts of the system without looking at how to optimise the whole system. Amory Lovins, of the Rocky Mountain Institute, has said that such Whole System Design was common amongst Victorian period 19th century engineering. In fact such Whole System Design goes right back to the start of the industrial revolution. Capitalism and the first industrial revolution may not have been possible without engineer James Watt practising Whole System Design to achieve major resource productivity gains on the steam engine in 1769. The first industrial revolution was accelerated by the significant improvement in the steam engine’s conversion efficiency, achieved by James Watt. 

The steam engine was invented in 1710 to pump water out of coal mines. Watt achieved both resource productivity improvement in terms of how the steam engine converted fossil fuel energy into motor energy, and also a redesign of the gearing system that converted the engine’s reciprocating motion into a rotary motion, making it possible for the steam engine to drive other machines. It was this ingenious highly efficient Whole System re-Design that dramatically increased resource productivity. 

James Watt grew up working in his father’s nautical instrument workshop where he became a master craftsman. Later on he was appointed as mathematical instrument maker to the University of Glasgow. It was during his time there that he was asked to repair a model of the Newcomen engine (the original steam engine). Watt realised that the machine was extremely inefficient. Though the jet of water condensed the steam in the cylinder very quickly, it had the undesirable effect of cooling the cylinder down, resulting in premature condensation on the next stroke. In effect the cylinder had to perform two contradictory functions at once: it had to be boiling hot in order to prevent the steam from condensing too early but also be cold in order to condense the steam at just the right time. 

Watt re-designed the engine by adding a separate condenser, allowing one of the cylinders to remain hot by jacketing it in water supplied by the boiler. This cylinder ensured that the water was turned into steam and then another condenser was kept at the right temperature to ensure the steam would condense at just the right time. The result was an immensely more powerful machine than the Newcomen ‘steam’ engine, which was essentially little more than a giant pump. 

Watt’s initial successful Whole System Design was followed by further remarkable improvements of his own making. The most important of these was the sun-and-planet gearing system which translated the engine’s reciprocating motion into rotary motion. In simple terms, the new machine could be used to drive other machines. Watt alone had used Whole System Design optimisation techniques to turn a steam pump into a machine that had vastly improved resource productivity. Watt’s machine significantly improved the conversion efficiency of energy into power. This invention both spurred and drove the industrial revolution. 
This case study of James Watt is featured here to illustrate that the understanding that large resource productivity gains are possible from optimising the whole system is not new. This case study is also featured to show that optimising an engineered system to make it more efficient is a valuable first step, but just that, a first step. The efficiency achieved by James Watt allowed the acceleration of the first industrial revolution, but the first industrial revolution was overall unsustainable and based on burning fossil fuels - a non-renewable resource. Today, a systems approach needs to take into account the whole system including the environment and seek to design solutions that meet humanity’s needs, but in a way, that is also environmentally sustainable. In seeking to achieve sustainability, practitioners need to learn from the best of the engineering tradition and also investigate how they can improve on past designs to achieve a result that is truly environmentally sustainable and not simply more efficient. The following modules seek to assist engineers to achieve this goal.
Question

Is James Watt’s steam engine an example of Whole System Design for sustainability? Why? Why not?
Optional Reading

· Birkeland, J. (2005) Building Assessment Systems Reversing Environmental Impacts, Australian University Sustainability Science Team, Website Discussion Paper Version 1. Available at www.naf-forum.org.au/papers/Building%20Assessment%20Systems(2).pdf. Accessed 26 November 2006.
· Birkeland, J. (ed) (2002) Design for Sustainability: A Sourcebook of Ecological Design Solutions, Earthscan, London.

· Hawken, P., Lovins, A. and Lovins, L.H. (1999) Natural Capitalism: Creating the Next Industrial Revolution, Earthscan, London. Available online at http://www.natcap.org. Accessed 6 June 2006.

-
Chapter 2: ‘Reinventing the Wheels’ 

-
Chapter 6: ‘Tunnelling Through the Cost Barrier’

· International Institute for Environment and Development (2002) Breaking new ground: mining, minerals and sustainable development: the report of the MMSD Project, Earthscan, London. Available at www.iied.org/mmsd/finalreport/. Accessed 6 June 2006.

· Lovins, A.B. (2005) ‘More Profit with Less Carbon’, Scientific American, September 2005.

· Lyle, J. (1999) Design for Human Ecosystems, Island Press, Washington D.C.

· Scheer, H. (2004) The Solar Economy, Earthscan, London.

· van der Ryn, S. and Calthorpe, P. (1986) Sustainable Communities: A New Design Synthesis for Cities, Suburbs and Towns, Sierra Club Books, San Francisco. 

Key Words for Searching Online

Tunnelling through the Cost Barrier, Rocky Mountain Institute, Efficient Pump Systems, Design for Sustainability, net positive development. 


Lecture 7: The Concept of Biomimicry – An Historical Context  

Quite simply, Biomimicry is the art of asking Nature for advice.

Janine Benyus, Author of Biomimicry: Innovation Inspired by Nature, 2004

Educational Aim

To introduce the emerging field of Biomimicry and explain why it is such a powerful tool for innovation. Building on from knowledge gathered over centuries of harvesting and harnessing nature, engineers and designers are now exploring the exciting field of emulating nature’s successes to assist sustainable development. Biomimicry is a tool for innovation to assist engineers and designers to move past efficiency and design sustainable systems learning from nature.

Required Reading

	1. Benyus, J. (1997) Biomimicry: Innovation Inspired by Nature, HarperCollins, New York, Chapter 1. Available at www.biomimicry.net/chapter_one.html.  (10 pages)
	pp 1-10

	2. Hargroves, K. and Smith, M.H. (2005) The Natural Advantage of Nations: Business Opportunities, Innovation and Governance in the 21st Century, Earthscan, London, Chapter 1: Natural Advantage of Nations, ‘A Critical Mass of Enabling Technologies’. Available at http://www.naturaledgeproject.net/NAONChapter1.4.aspx. (2 pages)
	pp 19-20

	3. Hargroves, K. and Smith, M.H. (2006) ‘Innovation inspired by nature – Biomimicry’, ECOS Magazine, 129. Available at http://www.naturaledgeproject.net/Documents/Biomimicry_000.pdf. (3 pages). 
	pp 27-99


Learning Points

1. Long ago, as hunters and gatherers, humans relied on their knowledge of natural systems to harvest food and materials for hunting, cooking, shelter and clothing. This knowledge accumulated and was passed on from generation to generation as we learnt more about natural systems, and how to make optimal use of their patterns and seasons.

2. As our knowledge of natural systems increased, we began to domesticate, or harness, those organisms that we needed, through farming and domestication of plants and livestock. 

3. With this security in meeting basic human needs, societies began to consider higher applications to process nature’s raw materials. Building materials, weapons and cooking equipment were the early applications of harnessing nature. This eventually led to applications where natural resources were harnessed through more advanced processing technologies, such as the Industrial Revolution’s practices of metallurgy, petrochemicals, internal combustion and manufacturing.

4. Once we realised that we could make value-added products from nature’s raw resources, we began paying less attention to natural systems, seeing them more as a source of inputs for our products and services. However, by paying little attention to the impact of our new solutions on natural systems, combined with the rapid increase in the scale of ‘human systems’ on the planet, we have now actually exceeded the planet’s carrying capacity - in effect we are destroying the world that we have been creating.

5. Most of the solutions from the last 300 years have been poorly adapted (or mal-adapted) to natural ecosystems. In fact, many of these ‘solutions’ have lead to significant global challenges such as those caused by the creation and dispersion of pollution.

6. Faced with the need to address these challenges, engineers and designers will be tempted to emulate the way humans have problem-solved, rather than asking Nature’s advice.  A Patent Database developed by Russian researchers working on the Teoriya Resheniya Izobretatelskikh Zadatch (TRIZ)
 method for inventive problem solving uncovered an overlap of a mere 10 -12 percent between man-made and natural systems.  As Janine Benyus puts it, ‘when we look to Nature, 90 percent of the time we will be surprised!’

7. If we are to achieve harmony between development and nature on a global scale, we need to combine our engineering knowledge with the knowledge contained in natural systems, rather than resources extracted from it; to deliver solutions that are well-adapted to our global environment ... in other words, innovation inspired by nature.

8. Innovation from nature can be drawn from a number of areas.  We could pay attention to:

1. The structure, or form, of nature - aerodynamic shapes, non-chemical adhesive methods and structural finishes and colour.

2. The process of nature - cooling systems, nutrient cycling, filtration, desalination and energy supply and storage.

3. Nature’s ecosystem - feedback loops, diversity, organism niches and interactions, symbiotic relationships, food webs, energy and material flows, resilience, and the role of redundancy.

9. Examples of innovations inspired by nature’s form include:

· Velcro®: Studying cockleburs under a microscope led to the observation that their natural hook-like shape could be emulated to design the popular adhesive material, Velcro.  
· Gecko Tape®: Studying the way that gecko lizards walk on surfaces led to the observation that the soles of their feet could be emulated to produce a new type of adhesive (‘gecko tape’).

· Vortex Generator: Studying the structure of wing plumage in owls led to the discovery that the design of the feathers could be emulated to design a surface that minimises turbulence in air, significantly reducing noise from Japanese high speed train (shinkansen) operations. 

· Stomatex: Studying the function of stomata in leaves led to the discovery of a fabric that can provide passive humidity control. It was originally developed for bandage and apparel fabrics, but also has applications in building envelope and horticulture. Stomatex® has applications in building components such as soft walls, roof linings or curtains to facilitate humidity control.

10. ‘Biomimicry (from bios, meaning life, and mimesis, meaning to imitate) is a science that studies nature's ideas and then imitates these designs and processes to solve human problems.’
 As Benyus explains, ‘This includes studying nature’s best ideas, designs and strategies that have evolved over 3.8 billion years and then emulating them so that we might live more gracefully on the planet’.
 
11. In engineering terms, Biomimicry describes the enquiry-based process of studying and mimicking the design and behaviour of nature, to inform the development of solutions that meet the needs of society while being in harmony with the planet’s natural systems.  

12. Biomimicry involves asking ourselves a series of questions to help focus on which part of nature we want to emulate.  These include for example: 

· How do we evolve more sophisticated approaches than ‘heat, beat and treat’ in manufacturing? 

· How do we design more sophisticated energy production such as solar cells? (i.e. by mimicking the way that plants harness solar energy so efficiently for their energy needs)

· How do we create renewable fuels such as turning cellulose into ethanol in a climate neutral manner? (i.e. by mimicking the way termites process cellulose)

Brief Background Information 

Understanding Natural Systems

Human ingenuity may make various inventions, but it will never devise any inventions more beautiful, nor more simple, nor more to the purpose than Nature does; because in her inventions nothing is wanting and nothing is superfluous. 
Leonardo Da Vinci

If one way be better than another, that you may be sure it is Nature's way.
Aristotle

Sustainable business strategies have previously focused on making industries more efficient such as using less waste, less energy, less material. This is an important first step, but without system change, it can still lead to deteriorating natural systems. Old-economy ‘treatment’ industries (e.g. waste management, potable water supply, etc.) have attempted to mitigate and manage the pollution and waste as an ‘end of pipe’ approach to system deterioration, but engineers and designers are now realising that this is not a sustainable approach. 

So how do we innovate to truly achieve sustainability? 

Consider that for the majority of our time on the planet as a species, we have been hunters and gatherers. As hunters and gatherers (harvesting nature) and then as agrarians through pre-industrial times (harnessing nature), we paid a great deal of attention to natural systems as a source of knowledge, as Janine Benyus puts it, ‘we naturally mimicked the organisms that we admired’. 

As our knowledge of natural systems increased, we began to harness those organisms that we needed, then to process nature’s raw materials to produce products and services (for example through agricultural practices, and steel and plastics manufacturing). Once we realised that we could make value-added products from nature’s raw resources, we began paying less attention to natural systems, seeing them more as a source of inputs for our products and services.  As we transitioned from organism domestication to mass production and industrialisation we adopted the mindset of ‘animal as factory’.  

Today, when we try to address problems arising from old-economy technologies (such as filtration, adhesion, desalination, energy harvesting), we tend to study the way human’s have problem-solved, rather than looking to nature for advice. However, combining our knowledge of processes with our knowledge of natural systems, we now have the opportunity to build products and services that are in harmony with natural systems, we can create ‘Biomimetic’ solutions. 

When we view nature as a source of advice rather than goods, the rationale for protecting wild species and their habitats also becomes self-evident. To have more people realise this is Janine’s hope. In the end, she is confident that Biomimicry’s greatest legacy will be more than a stronger fibre or a new drug. It will be gratitude, and from this, an ardent desire to protect the genius that surrounds us. Janine and her team are working to seed an ‘Innovation for Conservation’ program in which companies donate a percentage of the sales of bio-inspired products to restore the habitat of the organism that inspired the breakthrough.

Figure 7.1 summarises these transitions in human knowledge and the potential for Biomimicry to assist us in designing in harmony with natural systems.
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Figure 7.1. Natural Systems Understanding Map, showing the relationship between systems knowledge, enquiry, and the application of Biomimicry to human systems.

Source: The Natural Edge Project, Biomimicry Guild (2006)
Biomimicry - Case Study Examples

Velcro®: Getting home from a walk in the 1940s, Swiss inventor George de Mestral noticed both his clothes and dog were covered with cocklebur seeds. De Mestral studied the cockeburs and discovered they used hook-like spines to grip onto a softer surface, like the fabric of his pants. Inspired, de Mestral recreated this natural hook design and opposed it with the soft loop design that made up the fabric of his pants. The result was Velcro®, and its arrival heralded a new era of easy access clothing. It's nothing new for designers and inventors to look to nature for creative solutions and ideas, but now this science and design practice is being recognised as a field in its own right – biomimicry – and is quickly gaining momentum. 

Gecko Tape®: University of Manchester Scientists developed a new type of adhesive which mimics the mechanism employed by the gecko lizard to walk on surfaces – even glass ceilings. The new adhesive (‘gecko tape’) contains numerous tiny plastic fibres, less than a micrometer in diameter, which are similar to natural hairs covering the soles of gecko’s feet. These generate elecro-dynamic adhesion at a microscopic level. One square centimetre of the gecko tape can support a weight of one kilogram. In addition to a general adhesive, it can be used to move computer chips in a vacuum and pick up small fibres. The tape can be used several times over and does not use toxic chemicals found in common adhesives.

Vortex Generator: The 500-Series Shinkansen Japanese bullet train running between Tokyo and Hakata is one of the fastest trains in the world. The challenge for the design of the Shinkansen design team was to make it run quietly at high speed. Learning that the owl family is the most silent and stealthy fliers of all birds, the Shinkansen team discovered the bird’s secret is in its wing plumage design – many small saw-toothed feathers protrude from the outer rim of their primary feathers. Other birds do not have these feathers. These saw-toothed wave feathers are called ‘serration feathers’ and they generate small vortexes in the airflow that then break up the larger vortexes that produce noise. ‘Serrations’ were inscribed on the main part of the pantograph (the collectors that receive electricity from the overhead wires), and this succeeded in reducing noise, enough to meet world standards for noise. This technology is now called a ‘vortex generator’ and has been applied to aircraft, as well as now being applied to the caps and boots of professional skaters. 

Stomatex: Nigel Middleton, a dentist, was looking for a way to improve bandages. The issue with bandages is that they offer virtually no ventilation and thus promote sweating, which can irritate the skin and create a poor healing environment.
 Middleton looked to nature for a solution and asked, how does nature remove moisture? A leaf’s surface is covered in tens of thousands of stomata, small ‘mouths’ that regulate the exchange of water vapour, other gases and heat between the leaf and the immediate environment.
 Middleton and his colleague Tome Armstrong
 mimicked the function of stomata in a smart material called Stomatex®, a honeycombed foam that removes sweat from skin. When moisture begins to accumulate, the vapour is collected in the air space provided by dome-shaped chambers in the material. A tiny pore at the centre of each chamber then opens and releases the vapour before it condenses into a liquid. This mechanism maximises vapour diffusion and, since there aren’t any large holes, minimises heat loss. Stomatex® has also been applied to clothing fabrics and building components such as soft walls, roof linings or curtains to facilitate humidity control. 

Comprehension Quiz 

1. Define the term Biomimicry. 

2. Give an example of design inspired by nature’s form and determine whether it is a well-adapted or mal-adapted innovation.

Optional Reading

1. Benyus, J. (1997) Biomimicry: Innovation Inspired by Nature, HarperCollins, New York.

2. The Natural Edge Project and Biomimicry Guild (2006) Australian Tour 2006 Resources. Available at www.naturaledgeproject.net/BenyusTour06.aspx. Accessed 3 January 2007. 

Key Words for Searching Online

Bio-Utilised, Bio-Assisted, Bio-Mimicked, Biomimicry, Adaptation, Ecosystem, Design inspired by Nature 

Lecture 8: Green Chemistry and Engineering - Benign by Design
Chemical engineers have much to contribute in a world that is moving towards sustainability. Indeed our role is somewhat unique. We possess a detailed knowledge of process engineering coupled with an understanding of novel science and technology across a broad range of disciplines. Chemical engineers can utilise this potent mix of skills to develop new approaches to some of our most challenging global problems… We are already seeing the influence of the new forces at work on our profession. Leading educational and research institutions, such as Oxford University, have introduced sustainable development priorities in chemical engineering education, focusing on hydrogen as fuel, emissions reduction, sequestration, photo-voltaics, and life cycle analysis.


Dr Robin Batterham, President International Council                                                         of Chemical Engineering, 2005
 
Educational Aim

To provide an overview of how chemical engineers, often working with chemists, are applying Green Chemistry and Green Engineering principles to play a key role in assisting business, the economy and society achieve sustainable development. 

Required Reading

Collins, T. (2001) ‘Toward Sustainable Chemistry’, Science, vol 291, pp 48-49. Available at www.chemistry.org/portal/a/c/s/1/acsdisplay.html?DOC=education%5cgreenchem%5cgreenreader.html. Accessed 3 January 2007.

Hargroves, K. and Smith, M.H. (2005) The Natural Advantage of Nations: Business Opportunities, Innovation and Governance in the 21st Century, Earthscan, London:

	Chapter
	Page

	1. Chapter 3: Asking the Right Questions Table 3.2 (1 page)
	p 49

	2. Chapter 3: Asking the Right Questions Table 6.6 (2 pages)
	pp 52-53

	3. Chapter 6: Natural Advantage and the Firm (1 page) 
	p 97


Learning Points

1. Advances in the science of chemistry and chemical engineering have unleashed new ways to improve people’s quality of life and improve global prosperity. The products of the global chemical industry are worth US$1500 billion annually, and account for approximately nine percent of world trade in manufactured goods. 
2. While it is true that the chemical industry has contributed significantly to increased prosperity globally and improved quality of life, it has come at a cost, as Rachel Carson’s classic publication Silent Spring
 demonstrated, with chemicals, there are risks. Estimates of the costs of cleaning up existing hazardous waste sites range in the hundreds of billions of dollars. Cleaning up chemical messes is growing ever more costly. 
3. Chemical engineers are in a position to make a significant contribution to achieving sustainable development profitably in numerous ways through contributing to sustainable chemical plant design, improving process operation, eliminating the need for toxic chemical usage and dramatically reducing waste. 

4. Chemical engineers, practising Green Chemistry and green chemical engineering principles, have the potential to play a significant role to help achieve sustainability. This is because chemical processes underpin all forms of industry. The key role of chemical engineers to achieve sustainable development is recognised by numerous chemical and chemical engineering organisations
 and by many chemical companies.  

5. In 2001, in Melbourne Australia 20 national chemical engineering institutional bodies committed to sustainability through the Melbourne Communiqué. This lecture seeks to overview the latest insights in how chemical engineers can truly help society achieve ecological sustainability and thus fulfil their commitment made in the Melbourne Communiqué. 

6. As Terry Collins wrote in Science,
 chemical engineers and chemists have a huge role to play in at least three significant areas:   

i) First, renewable energy technologies will be the central pillar of a sustainable high-technology civilisation. Chemists can contribute to the development of the economically feasible conversion of solar into chemical energy and the improvement of solar to electrical energy conversion.
 
ii) Second, the reagents used by the chemical industry, today mostly derived from oil, must increasingly be obtained from renewable sources to reduce our dependence on fossilised carbon. This important area is beginning to flourish, but unfortunately there is not the room to cover it in detail in this portfolio. 

iii) Third, polluting technologies must be replaced by benign alternatives. This field is receiving considerable attention, but the dedicated research community is small and is merely scratching the surface of an immense problem.

7. As discussed in the previous lecture this field also has a key role to play in operationalising Biomimicry. But also chemical engineers, chemists and the chemical industry are realising that Biomimicry offers a remarkable strategy for innovation. The UK Chemical Industry acknowledged this in their Vision for the Sustainable Production and Use of Chemicals
 where they stated, ‘It is very difficult to achieve step-change improvements in environmental and economic performance through incremental improvements in conventional production technologies. For a growing number of chemical companies, inspiration is coming from Biomimicry.’ 

8. The Green Chemistry and Green Engineering ideas and initiatives that are now prominent globally began through the pioneering work of people like Paul Anastas, known as the father of Green Chemistry and Michael Braungart, co-author of Cradle to Cradle. Globally there are now significant networks, research institutions, companies, and government agencies working on Green Chemistry and green chemical engineering. 

9. In Green Chemistry and Green Engineering, an ideal chemical reaction (or set of reactions) would have the following characteristics:

a. Simplicity

b. Safety

c. High yield and selectivity

d. Energy efficiency

e. Use of renewable and recyclable reagents and raw materials.

Therefore in achieving and implementing such reactions in industry, chemical engineering is set to make a profound contribution to sustainable development. 

10. This lecture will provide an overview of some examples of where Green Chemistry and Green Engineering principles are being applied. Just a sample of some of the areas where such principles are being applied include:

a. Toxics in the Environment: designing chemical products that are inherently less toxic and ‘benign by design’.
 This also includes designing chemical systems to produce consumer products that require less energy, produce less or no toxins and are then reusable or recyclable. 

b. Energy Production: providing alternative means of energy production through, for example, using materials developed for photovoltaic cells and the enabling technologies to make the manufacturing of hydrogen fuel cells more feasible.

c. Resource Depletion: using biowastes to develop alternatives to current natural resources experiencing rapid depletion. Nanotechnologies could help to improve our ‘materials economy’, providing the same performance with less material.
 

d. Sustainable Food Production: using agricultural chemistry to develop pesticides that do not harm or persist in the environment, and more effective and less chemical fertilisers.

e. Climate Change: using materials such as polymers and cement to absorb CO2, thereby improving performance while also acting as a ‘sink’ for carbon dioxide in the atmosphere. Infrastructure surfaces (such as roads and building walls) can also be designed at the molecular level to absorb CO2 emissions while improving performance.
 

11. The new objective is to achieve Green Chemistry and Green Engineering that is ’benign by design’ when inventing new processes, or when addressing manufacturing problems associated with ‘end-of-pipe’ treatment.

Brief Background Information

In 2001, in Melbourne Australia 20 national chemical engineering institutional bodies committed to sustainable development through the Melbourne Communiqué, stating that,
 
In meeting society’s needs we are committed to designing processes and products that are innovative, energy-efficient and cost-effective, and that make the best use of scarce resources. We are committed to the highest standards of personal and product safety. We seek to eliminate waste and adverse environmental effects in the development, manufacture, use and eventual disposal of the products of society. 

The Melbourne Principles were Agreed in Melbourne at the Sixth World Congress of Chemical Engineering, September 27, 2001, and signed by: the Czech Society of Chemical Engineering; Canadian Society for Chemical Engineering; Institution of Chemical Engineers; Society of Chemical Engineers New Zealand; South African Institution of Chemical Engineers; European Federation of Chemical Engineering; Asian Pacific Confederation of Chemical Engineering; Mexican Institute of Chemical Engineers IMIQ; Chinese Institute of Chemical Engineers (Chinese Taipei); Inter-American Confederation of Chemical Engineers; TMMOB, Chemical Engineering Chamber of Turkey; American Institute of Chemical Engineers; DECHEMA Society of Chemical Engineering and Biotechnology; Institution of Chemical Engineers in Australia; Society of Chemical Engineers, Japan; Institution of Engineers (Australia); Hong Kong Institution of Engineers; Socièté de Chimie Industrielle; Chemical Industry and Engineering Society of China; and Socîèté Français de Gènie des Procèdés

In this lecture we will overview the latest insights in how chemical engineers can truly help society achieve ecological sustainability. The commitment outlined here is significant and timely. It is literally impossible to achieve ecological sustainability without the active involvement of chemical engineers. 

Sustainable Chemistry – Green Chemistry
Green Chemistry can be defined as ‘the design of chemical products and processes that reduce or eliminate the use and generation of hazardous substances’.

Green Chemistry practices are governed by 12 Principles:

1. Prevention: It is better to prevent waste at the outset than to treat or clean it up.
2. Atom Economy: Synthetic methods require maximal use of all materials in the chemical process into the final product.
3. Less Hazardous Chemical Syntheses: Synthetic methods should be designed to contain little or no toxic materials hazardous to human health and the environment.
4. Designing Safer Chemicals: Chemical products should be designed for safety as well as performing their intended function.
5. Safer Solvents and Auxiliaries: The use of auxiliary substances (e.g. solvents, separation agents) should be kept at a minimum.
6. Design for Energy Efficiency: The economic and environmental impacts associated with the energy requirements for chemical processes should be recognised and minimised; where permissible chemical processes should be conducted in ambient pressure and temperature.
7. Use of Renewable Feedstocks: Raw materials sourced from renewable feedstocks should be used wherever technically and economically practicable.
8. Reduce Derivatives: Unnecessary derivisation (eg. temporary modification of physical/chemical processes) should be minimised or avoided if possible, as such steps can generate waste through the use of additional reagents. 
9. Catalysis: Catalytic reagents are superior to stoichiometric reagents. 
10. Design for Degradation: Chemical products should be designed for decomposition into benign substances at the end of their functional life, to prevent their persistence in the environment.
11. Real-time analysis for Pollution Prevention: Analytical methodologies that allow for real-time, in-process monitoring and control should be used in order to avoid the formation of hazardous substances.
12. Inherently Safer Chemistry for Accident Prevention: Substances and the form of a substance used in a chemical process should be chosen to minimise the potential for chemical accidents, including releases, explosions, and fires.
The Global Green Chemistry Network

There are currently over 25 research institutions across Europe, the UK, North America, South America, West Africa and India who are focused on the development of sustainable chemistry. The Centre for Green Chemistry
 in the School of Chemistry at Monash University (Australia) is in the forefront of innovation in Green Chemistry. Established in January 2000, with the goal of providing a fundamental scientific base for future green chemical technology, the Centre has a primary focus on Australian industry and Australian environmental problems. Among emerging Green Chemistry centres worldwide, the Australian Centre is noteworthy for its broad spectrum of research interests, including benign technologies for corrosion inhibitors, gold processing, and greener reaction media for chemical synthesis, to name a few. 

The 12 Green Chemistry Principles, and the field of knowledge that is growing based upon them, are helping to guide chemists and chemical engineers in their efforts to assist industry in its drive towards sustainability. The Green Chemistry principles and this new field of knowledge are helping to guide efforts in the following areas:

· Green Chemistry seeks to achieve waste reduction through improved atom economy
 (that is, reacting as few reagent atoms as possible in order to reduce waste) and reduced use of toxic reagents for the production of environmentally benign products. 

· Green Chemistry and Green Chemical Engineering seeks to utilise catalysts to develop more efficient synthetic routes and reduce waste by avoiding processing steps.
 Synthetic strategies now employ benign solvent systems, such as ionic water,
 and supercritical fluids, such as carbon dioxide.
  
· Solvent free methods for many reactions are also being tested, as have biphasic systems, to integrate preparation and product recovery. For example, phases of liquids that separate are going to be much easier to recover without needing an additional extractive processing step. 

· In addition, there has been significant research into utilising high-temperature water and microwave heating, sono-chemistry (chemical reactions activated by sonic waves) and combinations of these and other enabling technologies.

· Much work is also being done to harness chemicals for common reactions from renewable biomass feedstocks. For instance in 1989, Harry Szmant
 reported that 98 percent of organic chemicals used in the lab and by industry are derived from petroleum. The Netherlands Sustainable Technology Development
 project has found that, in principle, there is sufficient biomass production potential to meet the demands for raw organic chemicals from these renewable chemical feedstocks.

Case Study: Argonne National Lab

An excellent example of Green Chemistry is the technology developed by Argonne National Lab, a winner of the 1998 USA President’s Awards for Green Chemistry.
 Every year in the United States alone, an estimated 3.5 million tons of highly toxic, petroleum-based solvents are used as cleaners, degreasers, and ingredients in adhesives, paints, inks, and many other applications. More environmentally friendly solvents have existed for years, but their higher costs have kept them from wide use. 
A technology developed by Argonne National Labs produces non-toxic, environmentally friendly ’green solvents’ from renewable carbohydrate feedstocks, such as corn starch. This discovery has the potential to replace about 80 percent of petroleum-derived cleaners, degreasers and other toxic and hazardous solvents. The process makes low-cost, high-purity ester-based solvents, such as ethyl lactate, using advanced fermentation, membrane separation, and chemical conversion technologies. These processes require very little energy and eliminate the large volumes of waste salts produced by conventional methods. This method of producing biodegradable ethyl lactate solvents can also cut the price by up to 50 percent, from US$1.60 - $2.00 per pound to less than US $1.00 per pound. Overall, the process uses as much as 90 percent less energy and produces ester lactates at about 50 percent of the cost of conventional methods. 

The lactate esters from this process can also be used as ’platform’ building blocks to produce polymers and large-volume biodegradable oxy-chemicals, such as propylene glycol and acrylic acid. Markets for these biodegradable polymers and oxy-chemicals might soon surpass those of green solvents.

Industry Take Up

Costs of environmental remediation activities are in the range of US$100 billions. Many individual chemical companies have budgets for environmental compliance programs that are as large as their budgets for research and development. A high priority is now placed on developing solutions to avoid waste remediation costs, through waste prevention. Many chemical and related industries realise that re-designing waste out of the initial process will not only save significant costs but can also result in greater profits. The chemical industry has turned to research institutions for guidance, utilising insights from the new fields of Green Chemistry
 and Green Engineering.
 These are new approaches to industrial chemistry and engineering that seek to reduce or eliminate the use or generation of hazardous substances in the design, manufacture and application of chemical products.

The objective is to be ’benign by design’ when inventing new processes, or when addressing manufacturing problems associated with ‘end-of-pipe’ treatment.
 US Presidential Green Chemistry award winner Barry Trost, writes, 
 
In focusing on immediate problems, the implemented solution sometimes ignores the question of what new problems arise as a result of the solution. In short, solving one problem frequently creates another… Establishing the safety of the final end use compounds has been a key part of the process of developing new products for some time. On the other hand, developing the chemical processes by which the end use products are made, has not been a generally recognized part. As we understand more about the broad implications of potential solutions, the real cost becomes more apparent and a new driver for innovation… Making chemical manufacturing more environmentally benign by design must now become an integral part of the product development process.
Green Chemistry and Green Engineering offer chemical engineers a field of expertise and knowledge of how to do this. Since the inception of Green Chemistry
 in the 1990’s, its philosophies have had a significant impact, assisting the chemical industries to leap toward a more sustainable future. As we will show, such exciting results and progress gives government, industry and academia much to work together on this century to create truly sustainable solutions. 

Optional Reading 

1. Green Chemistry Institute (n.d.) Introductory Green Chemistry Articles, comprehensive online papers that provide an overview of the field, see http://www.chemistry.org/portal/a/c/s/1/acsdisplay.html?DOC=education%5cgreenchem%5cgreenreader.html. Accessed 3 January 2007.
2. Anastas, P.T. and Warner, J.C. (1998) Green Chemistry: Theory and Practice, Oxford University Press, New York. 

Key Words for Searching Online

Green Chemistry Institute, Anastas, Green Chemistry Principles. 

Comprehension Quiz

1. What three areas does Terry Collins list as key areas where chemical engineers and chemists can make a difference? 
2. Think of one other challenge that Green Chemistry and Green Engineering could assist/address not mentioned above?


[image: image9]
Lecture 9: Rethinking the Application of Engineering and Design Principles

Educational Aim

To discuss the need to rethink the way engineering principles are applied to solve problems. This need is being increasingly recognised by engineering institutions, scientific communities, the corporate sector and government organisations around the world. For sustainable engineering solutions to occur, we need to reconsider engineering curricula, problem scoping methodologies and role descriptions in the workplace. 

Required Reading

	Chapter
	Page

	1. Brief Background Information  for this Lecture (2 pages)
	


Learning Points

1. Although engineering achievements such as the development of automobiles, have solved one problem (i.e. shortened time to travel a particular distance), they have unfortunately created several others (i.e. air, land and water pollution, congested cities and urban sprawl). (We will focus on this in the breakout group exercise).

2. The World Federation of Engineering Organisations (WFEO) recognises the role of engineers in creating a sustainable future, describing their role as contributing to a ‘closed-loop human system’. The engineering profession globally needs to become part of the solution, finding answers with multiple benefits rather than multiple negative consequences. The theme for the 2004 World Engineering Congress
 - currently the largest international engineering conference - was ‘Engineers Shape the Sustainable Future’.  

3. Companies are now realising the benefits and opportunities of ‘sustainable business practice’, and are calling for sustainable engineering solutions to remain competitive. The World Business Council for Sustainable Development (WBCSD) comprises 170 of the world’s leading businesses who are all in pursuit of sustainable business practice.

4. Government bodies also recognise the significance of the engineering profession to sustain national economies and regional relations, by confronting pressing issues associated with energy, water, biodiversity, global diseases (such as AIDS), agriculture, education, and others highlighted by the 2002 World Summit for Sustainable Development.

Brief Background Information

World Federation of Engineering Organisations – Engineering for Sustainable Development
 (Report Summary)

The World Federation of Engineering Organisations (WFEO) is publicly calling for engineers internationally to focus their minds and abilities on sustainable development.
 The world’s engineering population of approximately 15 million professionals can influence sustainable outcomes throughout the entire production and consumption chain, through: natural resource extraction; resources and chemicals processing; product and infrastructure design; meeting consumer needs; resource recovery/recycle/reuse; and energy provision. The combination of engineering expertise with scientific discoveries can greatly assist less-developed countries in overcoming their challenges for meeting basic needs in the most sustainable manner possible. 

By applying their skills and experience in the following areas, WFEO is confident that much can be done to achieve the objectives set by the Millennium Development Goals:

· Information exchange: Creating initiatives to identify and provide necessary information to engineers in developing countries to improve health, food, water, access to energy and other basic needs. An example is the UNESCO-sponsored Sudan Virtual Engineering Library – Sustainability Knowledge Network (SudVEL/SKN). The SudVEL/SKN is an engineering database, providing Sudanese students, researchers, academic staff and professionals access to both offline and online information for sustainable engineering solutions.  

· Global Engineering Programs: Universities are mostly developing independent educational programs for sustainable development – courses could be disseminated and improved if steps were taken to implement global education programs for sustainability, through media such as the Internet. Engineering educators and practicing engineers should assist in developing education materials for introduction at secondary and primary schooling level. As an example, ‘Discover Engineering Online’ is an Internet resource for youth willing to learn about the engineering profession.

· Engineers as Environmental Generalists: Encouraging engineers to become ‘environmental generalists’ will broaden engineering perspectives about the impact a solution might have on the surrounding environment, and incorporate such awareness into the engineering solution. Suggestions to encourage ‘environmental generalism’ include curriculum reform; engineering students could be exposed to a wide range of multidisciplinary subjects – biology, law, history, political science and leadership training – early in their studies to understand the environmental, social and economic context within which their engineering solution will be placed.

· Engage Engineers in Decision Making: Encouraging engineers to become actively engaged in the full range of decision-making processes, as well as project management and development, can improve the effectiveness of engineering solutions. Engineers can provide sound advice in local and regional civic activities; identify and maintain stakeholder relationships; and resolve disputes or controversy regarding the project of which they are part. Involving engineers early in the project – at the decision making stage before project development begins – is critical to determining the suitability and sustainability of any engineering project.  

· Environmental Impacts and Costs: The adverse impacts of engineering projects on the environment can be significantly reduced by improving methods for considering the costs and environmental impacts throughout a project’s lifecycle. By starting environmental impact assessments sooner in a project, areas of concern can be resolved (particularly with concerned citizens and environmental organisations) at a flexible stage of development and therefore less time, money and effort will be required to correct the problem. Project engineers should further consider all the direct and indirect environmental, social, and cultural impacts at the ‘cost-benefits analysis’ stage.

· Inline with Local or National Strategic Planning: The engineering project should be compatible with the local or national strategic plan and achieve a balance of serving the community and respecting the environment. Environmental studies should include as much input from stakeholders as possible, to avoid time/money/energy spent in confrontation and legal action. Environmental monitoring, where applicable, should be conducted before and after project development.  

· Direct Assistance Programs: Creating programs to share knowledge and provide assistance with projects in developing countries. Direct assistance programs include: networks of expert volunteers willing to assist in advising, planning and financing projects in developing countries (e.g. Engineers Without Borders
); programs to form teams of participants from engineering firms in developed countries with engineers in less-developed countries to enhance skill-sets (e.g. Water for People Program
); and creating regional development centres in developing countries that would coordinate regional teams of consulting engineers.

· Policy, Principles and Partnerships: Supporting well-crafted policies, applying engineering principles, and forming new partnerships will improve the effectiveness of engineering projects for sustainable development. Engineers must understand the multidisciplinary nature of any project, developing partnerships with other professionals such as economists, scientists, lawyers, and medical experts to ensure the evaluation and decision framework will achieve sustainable outcomes.  
Optional Reading

1. Johnston, S., Gostelow, P., Jones, E. and Fourikis, R. (1995) Engineering and Society: An Australian Perspective, Harper Educational, Sydney, Australia. 

2. WFEO (n.d) Engineering for Sustainable Development, WFEO. Available at www.unesco.org/wfeo/engineeringforsd.html. Accessed 26 November 2006.

Break-Out Group Activity: Engineering Achievements

Using the National Academy of Engineering’s Top 20 Achievements of the 20th Century, discuss the environmental and social implications of development. The objectives of the activity are to identify impacts on ecosystem services from engineering achievements, and to understand that ecosystem services are of enormous (but often not well understood) value to society.

Within the class or tutorial group: 

a. Using paper/ a blackboard/ a whiteboard, draw two columns. In the left-hand column list (in summary) each of the 20 engineering achievements. In the right-hand column list the ecosystem services.  

b. Together with the participants, assign each achievement in the left-hand column a number between 1 - 5, where 1 represents the least valuable contribution to society and 5 the most valuable contribution. Facilitate the debate and discussion – participants should grasp that the relative importance of achievements are subjective.

c. Draw arrows from engineering achievements to ecosystem services to identify which achievements impact on which ecosystem services. Note positive impacts with a blue line and negative impacts with a red line.
d. Discuss as a class the resultant network.  Participants should recognise that:

· some great achievements have had significant negative ecosystem consequences.
· few achievements have had positive ecosystem consequences.

National Academy of Engineering’s Top 20 Achievements of the 20th Century
In 2005, the National Academy of Engineering (NAE) released the following list of the top 20 engineering achievements of the 20th Century:
 
1. Electrification – electrical networks in the developed world have provided access to energy to power cities, industries and homes. 

2. Automobile - revolutionary automobile design and manufacturing processes have transformed the automobile from a luxury commodity to the world’s most major form of transportation. 

3. Airplane – travelling from country to country in a matter of hours for which once took days, aircraft transportation has made the world physically more accessible, motivating globalisation and cultural integration. 

4. Safe and Abundant Water – access to clean water has been more accessible than ever, particularly with the introduction of water sanitation and management methods. 

5. Electronics – the introduction of transistors, vacuum tubes and microchips have revolutionized the way we live, by enabling the production of computers, electrical appliances and monitoring equipment.  

6. Radio and Television – this form of media dramatically changed the speed, quantity and quality of information received by society all over the world

7. Agricultural Mechanisation – dramatically improved the productivity of the agricultural industry.  At the beginning of the century, four US farmers could feed ten people; with engineering innovation, at the end of the century 1 farmer could feed 100 people. 

8. Computers - the heart of the numerous operations and systems that impact our lives, making capable the fulfilment of complex computational tasks. 

9. Telephone – revolutionised the way people from all over the world communicate, making capable long distance ‘real-time’ conversation. 

10. Air Conditioning and Refrigeration – makes capable longer food and medicine shelf life, improves health care and protects vital technological systems. 

11. Interstate Highways – thousands of miles of highway enabling convenient personal and industrial transportation have been developed across the world. 

12. Space Exploration – a ‘stretch goal’ to extend humanity’s research efforts – such efforts have introduced 60,000 new products currently used in society. 

13. Internet – made available from previous engineering technologies such as computers, electronics and radio, the internet has provided people from both developed and developing countries with access to quantities of information never before experienced. 

14. Imaging Technologies – such technologies have made available new levels of exploration and medicine, through providing extremely detailed views of the deep ocean, geography, space and the human body. 

15. Household Appliances – household tasks are made more convenient through the introduction of electronic and mechanical appliances such as the washing machine and vacuum cleaner. 

16. Health Technologies – the development of antibiotics and artificial body implants (such as the pacemaker) have dramatically improved society’s average life expectancy.

17. Petroleum and Gas Technologies – such fuels have satisfied a majority of humanity’s energy demands for the 20th Century. 

18. Laser and Fibre Optics – a single fibre optic cable can transmit tens of millions of phone calls, data files and video images. Lasers have made possible point-of-sale scanning and non-invasive surgery. 

19. Nuclear Technologies – since its introduction in World War II, nuclear technology changed the face of war forever. Such technologies have been successful in providing energy, assisting medical research and chemotherapy, and imaging.

20. High Performance Materials – new materials technologies such as plastic have played a tremendous role in the production of higher quality, lighter, stronger, and more adaptable products – from aircraft and ships to medical instruments and household items.
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Lecture 10: Creating value from Sustainable Development

Educational Aim

To provide the argument to present to a CEO or company board convincing them that efficiency and sustainable development, as well as being the right thing to do, can also be highly profitable. While many business people now understand the basic business case for improved efficiency what is provided here is an overview of some of the most important studies proving that what is good for the environment can be good for the bottom line too.  

Required Reading

	1. Brief Background Information (6 pages)
	


Learning Points

1. As shown in Section Two of The Natural Advantage of Nations, efficiencies and strategies for sustainable development offer business new ways to improve shareholder value through reducing costs, improving product differentiation and market share, unleashing the creativity of staff, and reducing multiple risks. 

The Business Council of Australia believes that the pursuit of sustainable development – development that meets the needs of the present without compromising the ability of future generations to meet their own needs – is necessary for the future prosperity and well being of the world.

The Business Council of Australia, 2000

2. Companies like Interface Inc., that have genuinely adopted sustainable development as their core strategy, have created a virtuous cycle whereby they have:
 
i) Achieved over $260 million worth of savings through eco-efficiencies. 

ii) Increased market share through their eco-product carpet lines.

iii) Improved reputation through their genuine commitment to sustainable development.

iv) Received free publicity and marketing through their achievements and awards through the media, publications, TV documentaries and the internet.  

3. Ray Anderson CEO of Interface Inc. sums up the multiple positive benefits for Interface of pursuing a comprehensive strategy to achieve sustainable development: 

Customers are inclined to support us, which helps the top line, efficiency helps the bottom line. It’s a positive feedback loop (of doing well by doing good): the more good you do, the more well you can do, the more you attract attention, which helps the top line…

  Ray Anderson, CEO Interface Inc
 
4. There are numerous examples of businesses in Queensland that are doing well by doing good. Take the example of Caroma, a wholly-Australian owned subsidiary of GWA International Limited. Caroma is based in Brisbane and regarded as the leader of the Australasian sanitaryware industry, and its products, including the 6/3 litre dual flush system, are shipped to over 30 countries worldwide.

5. Previously there were just a few good case studies of businesses like Interface, but now studies by investment analysts (i.e. Innovest) in the US and European markets show that sector by sector environmental leading firms are financially outperforming those not adopting a sustainable development policy. Over 85 percent of the literature surveys of business performance and environmental sustainability performance show a positive correlation between a business pursuing good environmental stewardship and their financial bottom line.

6. The four stock-market measures of ethical business performance such as the Dow Jones Sustainability Index all show that those businesses listed on these stock-market indexes have strongly performed against the market average.
 A survey by the World Business Council for Sustainable Development of its members showed that they have actually outperformed the market average.
  
Brief Background Information 

As an engineer you may deal with clients who are sceptical that you can offer anything new through a focus on sustainable development. Your audience may believe that their company is already as efficient as possible, or that their firm has already undergone significant change and could not cope with anymore. 

In your response to such concerns you may consider the following: 

One of the first companies to really make progress into achieving sustainable development was the carpet company, Interface Inc. The company found new areas where highly cost effective gains were possible. The original gains, or low hanging fruits, were quick and effective, and Interface concentrated initially on those areas where cost effective gains could be easily made. Interface is now saving over $260 million per annum with their eco-efficiency initiatives, and investing these savings into a range of additional initiatives to further improve efficiency. Improvements have also started affecting the company on a much more fundamental level.

Interface has now replaced petrochemical based carpets with carpets made from renewable biomass such as corn waste that can be recycled with little loss of quality. The new carpet is the first certified climate-neutral product in the world; that is, the climate impact of making and delivering the carpet has been offset before it gets to the customer. The carpet is so non-toxic it could be edible, thus eliminating OH&S concerns. Rather than owning the carpet the public will lease it from Interface who then collects the worn out squares for recycling. In the first four years of this business model and wringing out waste in its own operation, Interface more than doubled its revenue, more than tripled its operating profit, and nearly doubled its employment, all at the same time. Overall they have achieved a 97 percent total reduction in materials used while providing a better service in every respect. Interface has gone further than Factor four (the factor most sustainability experts estimate to be required to achieve ‘sustainability’). Interface is on the way to achieving Factor ten and becoming the first genuinely ‘Sustainable Corporation’ on the planet.

In being the first company to significantly progress to becoming a sustainable corporation Interface has demonstrated an example of the significant competitive advantage to be gained through applying Porter's ideas of ‘Complementary Activity Systems’ with sustainable development as the goal. Interface has integrated hundreds of eco-efficiency initiatives and other new forms of innovation in accounting and product delivery, and in so doing are now far ahead of their competitors.

	Michael Porter's Theory of Complementary Activity Systems.

Rarely does sustainable advantage grow out of a single activity in a business. A company doesn't get sustainable advantage simply because it has some unique product design or a unique sales force. Sustainable advantage comes from systems of activities that work together and are complementary.

These complementarities occur when performing one activity and gives a company not only an advantage in that activity, but it also provides benefits in other activities.

Companies with sustainable competitive advantage integrate lots of activities within their business, i.e. in marketing, service, designs, and customer support.

As a result, competitors don't have to match just one thing, they have to match the whole system. And until rivals achieve the whole system, they don't get much of the benefits.


As Amory Lovins, from the Rocky Mountain Institute, states,
 
I think you will have to conclude that the earlier adopters of the next industrial revolution’s Natural Capitalist [Sustainable Development] principles are finding they’ve not only got greater short-term profitability, but stunning competitive advantage. Think of the carpet example with Interface: how can you compete with a company that’s using 3% as much raw materials as you are, a tenth the capital, to produce a service that’s better in every way, costs less and has a higher margin? I don’t think that’s possible to compete with. That’s the kind of leapfrog that the next industrial revolutionaries are now achieving.
In addition, by innovating on the sustainable development front Interface has solved many problems regarding marketing. Companies like Interface barely have to advertise. This cannot be emphasised enough. Multinational companies spend vast amounts on marketing, however a significant amount of new products fail, suggesting that even the best short and long term marketing campaigns do not always lead to sales. Fundamental innovation to create more environmentally sound products, while seeming at times a significant investment, can pay off in many unseen ways.
By ‘doing the right thing’, the worldwide environment movement provides international advertising for these companies more effectively than any PR firm. Interface is invited to speak at hundreds of conferences and the media cannot report their progress enough. They are reported in every book on new business models and studied by University graduates who then wish to work for them. Interface will never have any trouble recruiting the best most innovative people. These are not isolated case studies either, nor is this just for billion dollar companies. As we will show, numerous actual experiences reported in many studies and reports have consistently proved that eco-efficiency and cleaner production provide various ways to save and thereby begin the road to genuine sustainable development. Many companies in Australia are at least starting. 

A wide range of studies in the last ten years have shown that companies that perform better than the market average, both environmentally and socially, actually can perform as well or outperform the market even with its current short‑term profit focus. The research literature shows clear links between improved sustainability performance on the environmental and social dimensions, and a company’s financial results.

As Innovest’s 2004 report, Corporate Environmental Governance: a Study into the Influence of Environmental Governance and Financial Performance, stated: 

The literature review found strong evidence for the existence of a positive relationship between environmental governance and financial performance. In 51 of the 60 studies reviewed, a positive correlation was found between environmental governance and financial performance… results from fund, sector and company analysts are all generally positive.

Innovest Strategic Value Advisors, 2004

As of 2004, Innovest’s most recent reports clearly show that, sector by sector, companies that are environmental leaders are financially outperforming the laggards, providing further evidence to support Porter’s Theory of Complementary Activity Systems. Companies with good corporate environmental governance and proactive stances on greenhouse gas reductions generally out-perform the rest of the sector, according to data across numerous sectors. There is also evidence that the average share price movement of firms with strong environmental governance responses outperform the lagging companies (i.e. those with a below average carbon rating). In the forest and paper products sector, for example, analysing the performance of the environmental leaders versus the laggards resulted in a 43 percent difference over a four-year period.
 (See Figure 10.1) 
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Figure 10.1. Percentage change in total return of environmental leaders vs. laggards in the forest and paper products sector 1999-2003.

Source: Innovest Strategic Value Advisors (2004)

The same is true in the oil and gas industry, where companies with a pro-active climate/carbon management strategy (plotted in light green in Figure 10.2) outperformed their peers (plotted in light blue) by 11.8 percent over a three-year period.
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Figure 10.2. Percentage change in total return of environmental leaders vs. laggards in the oil and gas sector 1999-2003.

Source: Innovest Strategic Value Advisors (2004)

Sectors such as pulp/paper and oil/gas both have significant greenhouse gas emissions, but it is the energy supply sector (electric utilities) that is the largest single source of global greenhouse gases. In this sector, over three of the last four years for which there are figures available, the percentage change in total return of environmentally leading electric utilities was 39 percent above that of the below average environmental energy utility performers. (See Figure 10.3)
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Figure 10.3. Percentage change in total return of environmental leaders vs. laggards in the EU electric utilities sector 2000-2003.
Source: Innovest Strategic Value Advisors (2004)

Electric utilities in the United States exhibited the same pattern. (See Figure 10.4).
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Figure 10.4. Percentage change in total return of environmental leaders vs. laggards in the USA electric utilities sector 2000-2003.

Source: Innovest Strategic Value Advisors (2004)

In addition, recent research is showing clear links between improved sustainability performance on the environmental and social dimensions, and a company’s financial results within companies in the emerging economies of the world.
 For an overview of this literature and the latest evidence to support the argument that there is a business case for sustainable development/corporate social responsibility, see chapters 1, and 6-10 of The Natural Advantage of Nations.
 
According to Dr John Cole, Queensland EPA, Sustainable Industries Division Executive Director, the wide variety of good news stories in Queensland demonstrate that, ‘the means of improving environmental sustainability is often remarkably obvious, remarkably simple and remarkably beneficial to the bottom line of businesses that embrace them.’ 
	Case Study

	Description

	Industry Partnership - Sustainable Urban Development Program (SUDP).
 


	Through a partnership with the EPA, the Urban Development Institute of Australia – Queensland (UDIA) has established the Sustainable Urban Development Program (SUDP) to encourage continued improvements in development projects. The program advocates a collaborative approach to identify issues and find solutions in a positive, proactive and timely manner, benefiting all stakeholders.

Launched in 2002, 25 projects were submitted by the development industry for consideration and champion projects were then chosen on the basis of the range of initiatives they incorporated to deliver triple-bottom-line outcomes.  The partnership considers that the selected projects will provide practical demonstrations of the viability of sustainable development and set a high benchmark for future development.

	Australian Country Choice (ACC)

Paddock to Plate – Sustainability in Meat Production
	Australian Country Choice (ACC) an integrated livestock producer and meat processor, and one of Queensland’s largest privately owned companies. The Queensland EPA, Meat and Livestock Australia and the United Nations Environment Program are assisting ACC to implement an industry best practice environmental strategy over a ten year period.  

Winning the 2002 Queensland Primary Industry Achievement Award for its environmental stewardship, ACC has developed an eco-efficiency program that aims to decrease operating costs while also reducing environmental impacts.  Paul Gibson, ACC Manager for Research and Development, explains that, ‘this strategic program will eventually measure and monitor environmental impacts over the whole product life cycle, making a direct connection between eco-sustainability and long-term profitability’. 

ACC is keen to communicate what it has learned with other agribusinesses, so that they can share the benefits and help Australian industry to lead the world in moving toward sustainable meat production.  According to Gibson, ‘we anticipate others will take what we’ve done and improve it further still – the benefits are tangible for anyone wishing to implement an environmental management program’.

	Eco-Efficiency in the Food Industry
	The EPA joined with the UNEP Working Group for Cleaner Production, the Australian Water Association and eight local governments to produce a booklet called Eco-Efficient Food! Save Money While Saving the Environment.

This guide shows restaurants, cafes, hotels, clubs and fast food outlets how businesses can become more eco-efficient and save money; providing an efficient service to customers while using less energy, less water and producing less waste.  With one of the key resources for food-related business being water, the publication provides readers with facts and simple calculations on what savings can be achieved.


Table 10.1. Sample of projects underway in Queensland supported by the EPA, Sustainable Industries Division.

Source: QLD EPA (n.d.)

Optional Reading 

1. Halliday, C., Schmidheiny, S. and Watts, P. (2002) Walking the Talk, The Business Case for Sustainable Development, World Business Council for Sustainable Development, Greenleaf Publishing, London.

2. Hargroves, K. and Smith, M.H. (2005) The Natural Advantage of Nations, Earthscan, London. Chapter 1: Natural Advantage of Nations; Chapter 6: Natural Advantage and the Firm; Chapter 10: Operationalising Natural Advantage through the Sustainability Helix.

3. Hawken, P., Lovins, A.B. and Lovins, L.H. (1999) Natural Capitalism: the Next Industrial Revolution, Earthscan, London. Chapters of the publication are freely downloadable from www.natcap.org. 

4. Innovest Strategic Value Advisors (2004) Corporate Environmental Governance: A study into the influence of Environmental Governance and Financial Performance, Innovest, New York.

5. Pfeffer, J. (1998) The Human Equation: Building Profits by Putting People First, Harvard Business School Press, Boston. 

6. Porter, M. and van der Linde, C. (1995) ‘Green and Competitive: Ending the Stalemate’, Harvard Business Review, Sept-Oct. 

7. Porter, M. and van der Linde, C. (1995) ‘Toward a New Conception of the Environment-Competitiveness Relationship’, Journal of Economic Perspectives, (IX- 4) Fall, pp 97-118. 

8. Schaltegger, S. and Figge, F. (1997) ‘Environmental Shareholder Value’, WWZ/Sarasin Basic Research Study, no. 54, Basel, WWZ. 

9. Schaltegger, S. and Synnestvedt, T. (2002) ‘The Link between “Green” and Economic Success: Environmental Management as the Crucial Trigger between Environmental and Economic Performance’, Journal of Environmental Management, vol. 65, pp 339-346.

10. Schmidheiny, S. (1992) Changing Course: A global business perspective on development and the environment, MIT Press, Boston. 

11. von Weizsäcker, E., Lovins, A.B. and Lovins, L.H. (1997) Factor Four: Doubling Wealth, Halving Resource Use, Earthscan, London.
Key Words for Searching Online

World Business Council for Sustainable Development (WBCSD), Innovest, Deni Greene Ethical Investment Services, Rocky Mountain Institute, Environment Business Australia, National Business Leaders Forum on Sustainable Development
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Lecture 11:  A Whole of Society Approach
Educational Aim

There is much that engineers, built environment professionals, and business people can do to achieve sustainable development by supporting the efforts of government and even leading the way for government initiatives to follow. Here we will present ways in which governments can contribute to the transition to a more sustainable society. Engineers and built environment professionals should play key roles in assisting governments to provide reliable information on engineering related matters now and in the future.  

Required Reading

Hargroves, K. and Smith, M.H. (2005) The Natural Advantage of Nations: Business Opportunities, Innovation and Governance in the 21st Century, Earthscan, London.

	Chapter
	Page

	1. Chapter 4: ‘A Dynamic Platform for Change’ (4 pages)
	pp 64-67

	2. Chapter 5: ‘Thinking Locally, Acting Globally’ (1 page)
	p70,Table 5.1


Learning Points

1. A comprehensive approach to sustainable consumption and production is needed to address and prevent negative rebound effects.  The choices we make as consumers matter - it is vital that the ‘whole of society’ take responsibility and choose to play their part to address the environmental crisis.  

2. Figure 11.1 provides an example of a ‘Whole of Society Diagram’, which helps those who are working to achieve sustainable development to identify key groups and individuals with whom partnerships for sustainability are possible.
3. ‘Whole of Society’ also includes related sustainability concepts such as the precautionary principle, intergenerational equity, and intra-generational equity. 

4. The Agenda 21
 agreement which arose from the 1992 Earth Summit in Rio, is an example of a Government led ‘whole of society’ approach to sustainable development. Together with numerous other statements, Agenda 21 advocates that furthering the sustainable development agenda requires ongoing collaboration between governments, the private sector, and community organisations (i.e. civil society) in the development and implementation of national policy that integrates ecological, social and economic dimensions over the long term. 
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Figure 11.1. Whole of Society Diagram
Source: Hargroves, K. and Smith, M.H. (2005)

5. Since the 1992 Earth Summit, most countries have established some form of focal point or mechanism at the national level. Many of these are structured as multi-stakeholder and participatory mechanisms, usually referred to as National Councils for Sustainable Development (NCSDs).
 
6. Whether you are involved in project work or legislation and policy development work, it is important to have a plan for considering the views and contributions of stakeholders across the spectrum of groups, from large well-organised organisations and lobby groups to small minority groups.  

7. Depending on the stakeholder, different approaches to communication will work better than others. Geographic diversity, cultural diversity and gender equity are also critical issues to take into consideration when determining your project’s approach to engagement.

Brief Background Information

A comprehensive approach to sustainable consumption and production is needed to address and prevent negative rebound effects (See Chapter 21 of The Natural Advantage of Nations). A comprehensive sustainable consumption and production approach recognises that we are all environmentalists. All our choices and actions can positively or negatively affect the environment. Behind every product we buy there are significant amounts in energy and materials used. The choices we make as consumers matter. Hence it is vital that the ‘whole of society’ take responsibility and choose to play their part to address the environmental crisis.  

As pointed out by Engineers Australia:

[In addition to innovation] the achievement of sustainability objectives requires holistic actions by all sections of society (personal, business, political, legal), and will require considerable cultural change in societal customs and aspirations. This necessitates the development of transitional pathways from the present situation to the preferred future. 

Engineers Australia, Sustainable Energy Taskforce Report, 2001

The World Business Council for Sustainable Development put forward a preferred scenario for sustainable development that addresses this reality. They likened their preferred sustainable development process to Jazz music, in the sense that everyone is playing in the same song with various leaders at particular times, and innovation and trials are constantly being attempted. The ‘Jazz’ scenario requires that we recognise the essential value in all three sectors – the private sector, government and community. When all three sectors work together, the synergy is unbounded in its potential. 

In a world where the environmental crisis requires urgent action it is essential that projects or policy/legislative development engage government, business and civil society in a ‘whole of society’ approach.
  We have solutions to many of the problems facing the world today, but there are often significant barriers to change. Unless coalitions of organisations are built to support the regulatory reforms needed to achieve sustainable development (for instance) such reforms will be defeated by blocking coalitions.  

Agenda 21 – Context

Support for sustainable development was demonstrated by the attendance at the first World Summit for Sustainable Development (Rio De Janeiro, 1992), of more than a hundred world leaders and representatives from 167 countries. At the Rio summit a document outlining how to achieve sustainable development was brought together and called Agenda 21.
 It showed how all parts of society can and need to play their part to achieve sustainable development. In 1992, Agenda 21 was quite a significant and brave step forward for many nations, and by 2004 many of its concepts and ideas had been mainstreamed around the world. Increasingly business understands if its eco-innovation is to succeed it needs the consumer to want to buy greener products. Governments increasingly understand that for their environmental programs to work, business and civil society (the consumer) need to be willing partners. Hence, Agenda 21 called for a holistic ‘partnerships for sustainability’ approach. If we briefly consider the underlying spirit of the Agenda 21 document, it is essentially calling for a ‘whole of society’ approach to these issues, involving as many key stakeholders as possible. Agenda 21 shows how business, government, civil society, and the education sector, to name a few, can all play their part.

National Councils for Sustainable Development

What has changed since 1992 is that more and more businesses, governments, peak bodies and professional bodies, nationally and globally, now understand and support sustainable development. In most OECD countries today it is possible for nations to take holistic, whole of society approaches that actively engage with key stakeholders to achieve sustainable development. Many nations are doing this through forming National Councils for Sustainable Development and over 70 countries now have these councils, striving to bring all the relevant stakeholders together and help co-ordinate partnerships for sustainability.

Leading the Way – Government Initiative Examples

· The Western Australian state government in 2003 produced a State Sustainability Strategy, called ‘A Vision for Quality of Life in Western Australia’, and the associated group, called the Western Australia Collaboration Program,
 which combined over 300 peak civil society groups. The WA Collaboration Program is now currently conducting public consultation to develop a Community Sustainability Agenda.

· The Cities for Climate ProtectionTM (CCP) campaign enlists cities to adopt policies and implement measures to achieve quantifiable reductions in local greenhouse gas emissions, improve air quality, and enhance urban liveability and sustainability. More than 650 local governments participate in the CCP, integrating climate change mitigation into their decision-making processes. In Australia, there are currently 214 CCP councils, representing 82 percent of Australia's population as active participants of the CCP program.

Leading the Way – Business and Community Group Examples

· In 2000, the Australian Conservation Foundation produced the Natural Advantage: Blueprint for a Sustainable Australia,
 which provides a thorough overview of Australia’s National Agenda 21 plan, and documents numerous successful case studies across Australian society (case studies available online).
· Established by prominent industry leaders in 1993, the Australian Council for Infrastructure Development (AusCID) represents those industry sectors involved in the vital area of private sector development of public infrastructure. In May 2003, AusCID produced a statement called the Sustainability Framework for the Future of Australia's Infrastructure Handbook.  This document outlined the professional membership’s framework for the future of Australia's infrastructure.

· The Australian Council of Professionals’ Young Professional Roundtable on Sustainability has been established to bring together young people of many different backgrounds and professions, to discuss topics of relevance to them.

Optional Reading

1. ACF (2000) Natural Advantage: Blueprint for a Sustainable Australia, Australian Conservation Foundation, Melbourne. Provides a thorough overview of Australia’s National Agenda 21 plan.
2. Birkeland, J. (2002) Design for Sustainability: A Sourcebook of Integrated Eco-Logical Solutions, Earthscan, London. 

3. CCPTM Australia (2003) 2003 Annual Measures Report, Cities for Climate Protection™, Australia.

4. Government of Western Australia (2003) Hope for the Future: The Western Australian State Sustainability Strategy, A Vision For Quality of Life in Western Australia, Department of the Premier and Cabinet, Perth. 
5. UNCED (1992) Agenda 21, United Nations Conference on Environment and Development - The Earth Summit, Rio di Janeiro, United Nations Environment Program and Commission for Sustainable Development’s Agenda 21 framework.
Key Words for Searching Online

Agenda 21, Australian Council of Professionals Young Professional Roundtable on Sustainability, Business Council for Sustainable Development JAZZ Model, Indigenous Engagement in Natural Resource Management, National Councils for Sustainable Development (NCSD), Partnerships for Sustainability Capacity Building, Whole of Society Approach, Collaborative Networks, Western Australian Collaboration program, Whole of Community Engagement, collaborative engagement approaches, public participation, public engagement, participation mechanisms, typology, mechanism variables.
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Lecture 12: Effective Communication & Engagement

Educational Aim

When considering a ‘whole of society’ approach, it is essential to have a strategy to deal with the myriad of stakeholder groups that may be represented in a given project. ‘Strategic Questioning’ is provided as an example of an effective communication mechanism that can facilitate contextually sensitive positive outcomes for projects and decision makers. The multi-stakeholder engagement work by Alan AtKisson is also presented as an example of an engagement mechanism.

Required Reading

Hargroves, K. and Smith, M.H. (2005) The Natural Advantage of Nations: Business Opportunities, Innovation and Governance in the 21st Century, Earthscan, London:

	Chapter
	Page

	1. Chapter 22: ‘Changing Hearts and Minds: The Role of Education’ (4 pp)
	pp 440-444

	2. Chapter 23 ‘Achieving Multi-Stakeholder Engagement’ (3 pp)
	pp 445-447


Learning Points

1. As engineers and built environment professionals, it is beneficial to proactively engage with decision-makers and stakeholder groups, to reduce the potential for conflict and to maximise the potential for optimal outcomes and successful innovations.
2. There are a multitude of engagement mechanisms described in the literature and there are numerous communication tools to assist engineers and built environment professionals in their day to day work. So, why are there so many examples where engagement and communication strategies have not worked? or worse still, were not even considered in a project?

3. Common reasons for engagement and communication failing in a project include:

· Time constraints – an insufficient amount of time allocated for seeking feedback and engaging in discussion, resulting in the participants feeling rushed through the process.

· Budget constraints – insufficient resources (financial or human) allocated to seeking input from stakeholders.

· Miscommunication of information - particularly when information changes part-way through a project. 

· Language barriers (in filling out feedback forms/ questionnaires/ attending forums).

· Cultural barriers (in attending meetings/ focus group sessions).

· Gender barriers - in seeking responses to questions and surveys.

· Demographic barriers (scheduling public meetings late at night, during dinner time or when participants are at work).

The consequences of failed communication may be relatively minor on a project, but there are many examples of the simplest miscommunications ending up in significant expenses, many days of frustration, stop-work notices, and even lost elections.

4. An example of the types of communication models available is presented in literature developed by the Planning and Information Services for the Government of New South Wales.
 The iPlan model spectrum goes from simply informing the society member of decisions made, to full empowerment of the society member to effect change in their community.

5. The final choice of predicting which techniques will be appropriate for different types of projects will depend on a number of factors including the purpose of engagement, legal requirements for engagement, who is to be consulted, the environment in which engagement is being carried out (political, social, cultural), and money, time and skills available. ‘Strategic Questioning’ is one example of an approach to seek feedback from participants in an engagement process. Developed by Fran Peavy, a social change worker from North America, Strategic Questioning is the practice of asking a series of ‘strategic’ questions that will elicit helpful information, this is then used as a facilitation methodology to encourage participants to explore new options and move to action. 

6. Depending on the size of the project and/or organisation, there may be more than one communication strategy (i.e. for different projects, for different audiences). There may also be a person responsible for managing communications or even a team designated to this task.

7. There is a field of literature dedicated to community engagement mechanisms and there are numerous types of approaches. For the purpose of this course, we will discuss an example related to the sustainability field:

Example: Alan AtKisson, world-renowned facilitator and consultant in stakeholder engagement for sustainable development, uses a ‘Pyramid Model’ and ‘Compass’ to bring together stakeholders from industry, government and civil society. Using this tool, his consulting firm, AtKisson Inc., has engaged with numerous government, private and not-for-profit groups internationally to take action on significant issues.

Brief Background Information

Some students may have seen the animated short film called ‘Harvie Krumpet’
 by Australian Adam Elliot (narrated by Geoffrey Rush). Fictional works such as this depiction of the life of an ‘ordinary man’, and indeed many other popular novels and movies, help to remind us that when we are considering the challenges of sustainability, we need to also consider the enormous variety in human personalities, arising from differences including culture, demography (age), gender, geography, security and life experience. This is a key reason for the a ‘whole of society’ approach to project work and decision making; to ensure that we can achieve our goals, particularly when they involve ultimately changing values and behaviours.

NSW iPlan Model of Communication Strategies

An example of the types of communication models available is presented in literature developed by iPlan - the Planning and Information Services for the Government of New South Wales.
 iPlan lists a variety of communication strategies for community participation. The iPlan model spectrum goes from simply informing the society member of decisions made (1), to full empowerment of the society member to effect change in their community (5):
1. Inform: Activities include informative meetings, public notices, website, written info.

2. Consult: Citizen’s panel, Community Facilitation, focus groups, consultative meetings, public meetings, public hearings.

3. Involve: Facilitation, Planning Meetings, Precinct Committee, Focus Groups.

4. Collaborate: Advisory Committee, Charette, Facilitation, Policy Roundtable.

5. Empower: Citizen’s jury.
Figure 12.1 shows a suite of potential communication strategies for community participation.
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Figure 12.1.  iPlan diagram showing the spectrum of community consultation approaches commonly practiced in Australia, and the level of public impact.

Source: NSW State Government (n.d.)

Strategic Questioning Components

‘Strategic Questioning’ is one example of an approach to seek feedback from participants in an engagement process.  Developed by Fran Peavy, a social change worker from North America, it is a different form of thinking about change. Change sometimes causes uncomfortable emotions including denial, fear and resistance. However, change also provides opportunities for new ideas to emerge. Strategic Questioning assists the integration of new ideas and strategies into the development of communities in such a way that people can feel positive about change.
 
Questions may be that of Focus, Observation, Analysis or Feeling. They may be designed to deliver the outcome of: obtaining a vision; making change; considering alternatives, consequences and obstacles; personal inventory and support questions; and personal action questions.  Strategic questioning is about asking questions that: 
· lead to a strategy for action - a powerful contribution to resolving any problem, 

· open up more options - can lead to many unexpected solutions, 

· help adversaries shift from their stuck positions on an issue, possibly leading to acts of healing and reconciliation, 

· are unaskable in our culture at the moment but can lead to the transformation of our culture and its institutions, and 

· provide an opportunity to listen for the strategies and ideas embedded in people’s own answers, which can be the greatest service a social change worker can give to a particular issue. 

Extract: The Natural Advantage of Nations - ‘What is multi-stakeholder engagement?’

Stakeholders are those who have an interest in a particular decision, either as individuals or representatives of a group. This includes people who influence a decision, or can influence it, as well as those affected by it. Terms such as ‘multi-stakeholder dialogue’, ‘stakeholder forum’, ‘stakeholder consultation’, ‘discussion’ and ‘process’ are commonly used by various professionals in the field. The meanings of these terms overlap and refer to a variety of settings and modes of stakeholder communication. 

The term ‘multi-stakeholder processes’ (MSPs) describes processes which aim to bring together major stakeholders in a new form of communication, decision-finding (and possibly decision-making) on a particular issue. They are also based on recognition of the importance of achieving equity and accountability in communication between stakeholders, using democratic principles of transparency and participation.

MSPs aim to develop partnerships and strengthen networks. They cover a wide spectrum of structures and levels of engagement, and can comprise dialogues on policy or grow to include consensus-building, decision-making and implementation of practical solutions. MSPs come in many shapes: each situation, issue or problem prompts the need for participants to design a process specifically suited to their abilities, circumstances and needs. They are suitable for those situations where dialogue is possible and where listening, reconciling interests and integrating views into joint solution strategies seems appropriate and within reach.

Extract: The Natural Advantage of Nations – ‘What is the ‘Pyramid’’?

At its core, the Pyramid is a framework and a process for strategic planning. However, the framework can also be used as a training program for sustainable development; as a team-building process to build mutual understanding; and as a workshop structure for building consensus on new goals and directions. The Pyramid incorporates two other frameworks previously developed by Alan AtKisson:  

1. The Compass of Sustainability, a way of representing the different dimensions of sustainability, and of supporting true multi-stakeholder engagement acts as the base of the Pyramid.

2. The ISIS Method, a logical thinking process that helps groups develop a more systematic and strategic understanding of sustainable development.  
The Pyramid combines these into a structured group process to provide training, planning, or general decision-support for more sustainable outcomes [Figure 12.2]. To set the stage for understanding the Pyramid process, we must first discuss these elements in brief. 


Figure 12.2. Pyramid of Sustainable Development.
Source: AtKisson Inc. (n.d.)

The Compass of Sustainability

This simple wordplay is actually an adaptation of sustainability theory first put forward by economist Herman Daly (and later reinterpreted by Donella H. Meadows). Daly proposed that these four elements, Nature, Economy, Society, and individual human Well-Being, were dependent on each other for their existence, and that each element was dependent on the one preceding it in a logical hierarchy. During a series of international meetings in 1999 on the topic of best practice in sustainability indicators, this hierarchy of dependence was challenged on a number of grounds. For example, in some cultures the overall Society is considered to be paramount, with individual Well-Being looked upon as secondary to social needs. Also, there are now ways in which the health of Nature is arguably dependent on stable economies and social structures. Out of those meetings The Compass of Sustainability was developed to stress, instead, the inter-connected nature of these four elements:  all must be healthy for sustainability to be realized. The Compass metaphor also captures the sense of new directions that sustainability implies, as well as standing for the inclusion of all stakeholders: people come from all directions to participate in the process of sustainable development.  

To define the points of the compass in brief [Figure 12.3]:
· Nature refers to the ecological systems and natural resources.  

· Economy is the process by which resources are put to work to produce the things and services that humans want and need.  

· Society is the collective and institutional dimension of human civilization, incorporating everything from governments to school systems to social norms regarding equity and opportunity.  

· Well-Being refers to satisfaction and happiness of individual people -- their health, their primary relationships, and the opportunities they have to develop their full potential.


Figure 12.3. The Compass of Sustainability

Source: AtKisson Inc. (n.d.)

These categories have been used to structure formal sustainability assessments and indicator systems. The Compass defines what sustainability is; and the Pyramid supports users through the process of implementing Sustainable Development.
The ISIS Method

ISIS is an acronym with the letters standing for the four steps in a sequential strategic thinking process -- a process that is particularly well suited to the demands of sustainable development, where ‘I’ is for ‘Indicators’, ‘S’ is for ‘Systems’, The Second ‘I’ is for ‘Innovation’ and ‘S’ is for ‘Strategy’.  

The ISIS method ensures that change initiatives:

1. are developed in consideration of all the relevant trends and issues;

2. are targeted at those spots in a complex system where change is most likely to create the desired outcome, as well as other positive benefits;

3. draw on the full range of possible alternatives, and the creative thinking of a diverse group; and

4. are grounded in real-world thinking about implementation.

By following the ISIS method, the user stands a better chance of managing limited resources wise, and successfully creating a change in the target entity, a change in the direction of sustainability. The ISIS method can produce, as a purposeful by-product, improved levels of inter-disciplinary understanding and innovative thinking. When coupled with the Pyramid framework for running group processes, it can support group learning, planning, and decision processes that are (to borrow language from NASA) ‘faster, better, and cheaper.’

Optional Reading

1. Allenby, B. (2005) Reconstructing Earth: technology and environment in the age of humans, Island Press, Washington.

2. Aslin, H. and Brown, V. (2004) Towards Whole of Community Engagement: a practical toolkit, Murray-Darling Basin Commission, Canberra. Information on Valerie Brown is available at: Australian National University (n.d.) People. Available at http://sres.anu.edu.au/people/brownv.html. Accessed 26 November 2006.

3. The Australian Council of Infrastructure and Development (2002) Sustainability Framework for the Future of Australia’s Infrastructure – 2003 Handbook, AusCID, Sydney, Australia, Chapter 3 – Sustainable Infrastructure Case Studies. Three examples of effective stakeholder engagement and communication are downloadable from www.auscid.org. Accessed 26 November 2006.

4. Keen, M., Brown V. and Dyball, R. (2005) Social Learning in Environmental Management, Earthscan, London.

5. Papanek, V. (1995) The Green Imperative: Ecology and Ethics in Design and Architecture, Thames and Hudson, London. This textbook includes discussion on cultural issues and social influences on the activities that humans undertake in the built environment. 

6. Peavy, F. (2000) Heart Politics Revisited, Pluto Press, North Melbourne. 
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Whole of system engineering is a process through which the inter-connections between sub-systems and systems are actively considered, and solutions are sought that address multiple problems via one and the same solution. 








Unit 2 - Learning the Language





Unit 2 - Learning the Language





Unit 3: Preparing to                         


Walk the Talk





Unit 3: Preparing to                         


Walk the Talk





Unit 3: Preparing to                         


Walk the Talk





Unit 3: Preparing to                         


Walk the Talk





Increasing Level of Public Impact





Inform





Consult





Involve





Collaborate





Empower





We will keep you informed





Meeting
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Website
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We will keep you informed, listen to & acknowledge your concerns, & provide feedback on how public input influenced the decision








Citizens' panel


Community


Facilitation


Focus group


Meeting


Public hearing


Public meeting


Questionnaire
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We will work with you to ensure that your concerns & issues are directly reflected in the alternatives developed & provide feedback on how public input influenced the decision
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Precinct �committee





We will look to you for direct advice and innovation in formulating solutions and incorporate your advice and recommendations into the decisions to the maximum extent possible
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Policy round table


Search conference





We will place the  final decision making in your hands
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