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Integrative Design for Energy Efficiency
BRIEF COURSE DESCRIPTION
The ‘Integrative Design for Energy Efficiency’ course focuses on the concept of ‘Whole System Design’, a concept that increasingly being seen as one of the most cost effective ways to both increase the productivity and reduce the negative environmental impacts of an engineered system. A focus on design is critical, as the output from this stage of the project locks-in most of the economic and environmental performance of the designed system throughout its life, which can span from a few years to many decades. Indeed, it is now widely acknowledged that all designers – particularly engineers, architects and industrial designers – need to be able to understand and implement a whole system design approach. This course provides a clear design methodology, based on leading efforts in the field, and is supported by worked examples that demonstrate how advances in energy productivity can be achieved through applying an integrated approach to sustainable engineering. The course is delivered by The Natural Edge Project, hosted by Griffith University and the Australian National University.
.
SECTION A – TEACHING, LEARNING AND ASSESSMENT

LEARNING OUTCOMES

This course has been designed to address the following key learning outcomes: 
· Provide an overview the benefits of implementing energy efficiency strategies, and explain how energy efficiency opportunities are the quickest, easiest and cheapest way to reduce greenhouse gas emissions. Demonstrate that a key part of the business case for action on climate change comes from the fact that there is still a surprising amount of opportunities in most industries for energy efficiency to significantly help reduce greenhouse gas emissions, reduce business costs and increase productivity.  

· Explain how design teams that adopt an integrated, front-loaded approach to design can create superior, more sustainable engineering outcomes, particularly in the built environments, presenting case studies where the front-loaded design of commercial buildings has provided quantifiable benefits, including a reduction in energy consumption, resulting in reduced greenhouse gas emissions, reduced water consumption, improved comfort levels, and cost saving benefits.

· Illustrate clearly how an integrated approach fits into the traditional engineering methodologies of Systems Engineering that are taught in engineering schools around the world. This is done by outlining the traditional operational Systems Engineering processes as described in leading Systems Engineering text books and highlighting how it can be further enhanced through an integrated approach. 

· Explain the importance and relevance of a Whole System Approach to Sustainable Design and the need to innovate efficient holistic solutions to reduce energy demand, negative impacts on the environment, and to reduce our dependence on fossil fuels, outlining the numerous benefits that Whole System Design brings to business and the nation.  
· Present an overview of 10 key elements of Whole System Design and outline the application of each element for optimal sustainability and competitive advantage, demonstrated with case studies. The course then provides the opportunity to undertake a critical assessment of an integrated design process, considering the traditional approach and a whole system approach, for a simplified version of the classic ‘Pipes and Pumps’ example of an Industrial pumping system, highlighted in Natural Capitalism and designed by Eng Loc Lee. The WSD system uses 88% less power and has a 79% lower 50-year life cycle cost than the conventional system.

· To provide an overview of a range of opportunities across the manufacturing sector  and to then present and explore a clear step by step process on identifying and implementing energy efficiency opportunities in existing and new systems,  based on and is complemented by a thorough handbook developed by Helen Lewis and Alan Pears of RMIT and Geoff Andrews of GenesisAuto. 
LECTURE PLAN
The three day short course intensive will comprise the following themes:
	Lecture
	Lecture Content

	Day 1

	Lecture 1
	Integrated Approaches to Energy Efficiency and Low Carbon Technologies

	Lecture 2
	The Importance and Benefits of a Front-Loaded Design Process 

	Lecture 3
	Enhancing the traditional Systems Engineering Process through an Integrated Approach

	Lecture 4
	A Whole Systems Approach to Sustainable Design

	Day 2

	Lecture 5
	Elements of Applying a Whole System Design Approach (Elements 1-5)

	Lecture 6
	Elements of Applying a Whole System Design Approach (Elements 6-10)

	Lecture 7
	Whole System Design Worked Example – Design of an Industrial Piping System

	Lecture 8
	Tutorial: Design of an Industrial Piping System 

	Day 3

	Lecture 9
	Opportunities for Energy Efficiency in Manufacturing Industries 

	Lecture 10
	Tutorial: Energy Efficiency in Manufacturing

	Lecture 11
	Taking Steps to increase Energy Efficiency 

	Lecture 12
	Tutorial: Energy Efficiency Assessment


Lecture Notes are available at http://www.naturaledgeproject.net
TEXTS AND SUPPORTING MATERIALS 

The course is delivered by The Natural Edge Project, hosted by Griffith University and the Australian national University, and is based on the recently published book, and text book for the course, ‘Whole System Design: An Integrated Approach to Sustainable Engineering’, along with Smith, M., Hargroves, K., Stasinopoulos, P., Stephens, R., Desha, C. and Hargroves, S. (2007) Energy Transformed: Sustainable Energy Solutions for Climate Change Mitigation, The Natural Edge Project (TNEP), Australia.

The text book for the course will be provided to participants, along with copies of additional material in class.

COURSE ACKNOWLEDGEMENTS

It is gratefully acknowledged that course content was developed by TNEP under a Creative Commons Licence for university use. Funding for the development of the publication 'Whole System Design: An Integrated Approach to Sustainable Engineering' has been provided by the Australian Federal Department of the Environment, Water, Heritage and the Arts (DEWHA) under the Education for Sustainability Grants Program. The publication has been co-published by The Natural Edge Project (TNEP) and Earthscan in associateion with the United Nations Educational, Scientific and Cultural Organization (UNESCO) and the World Federation of Engineering Organizations (WFEO). Funding for the development of the publication ‘Energy Transformed: Sustainable Energy Solutions for Climate Change Mitigation’ has been provided by  CSIRO and the National Framework for Energy Efficiency. The development of this publication has been supported by the contribution of non-staff related on-costs and administrative support by the Centre for Environment and Systems Research (CESR) at Griffith University, under the supervision of Professor Bofu Yu, and both the Fenner School of Environment and Society and Engineering Department at the Australian National University, under the supervision of Professor Stephen Dovers. The lead expert reviewers for the overall Work were: Adjunct Professor Alan Pears, Royal Melbourne Institute of Technology; Geoff Andrews, Director, GenesisAuto; and Dr Mike Dennis, Australian National University.
ASSESSMENT SUMMARY
	Item 
	Assessment Task
	Length
	Weighting
	Due Date & Time

	1. 
	Individual Exam
	2 hours
	100%
	To be Advised


Assessment Description
This course is assessed through a centralised ‘closed book’ exam comprising 20 multiple-choice questions (40%) and 3 long/written questions (60%).
COURSE CONTENT
Lecture 1: Integrated Approaches to Energy Efficiency and Low Carbon Technologies 

The aim of this lecture is to overview the benefits of implementing energy efficiency strategies. Energy efficiency opportunities are the quickest, easiest and cheapest way to reduce greenhouse gas emissions. The Australian National Framework for Energy Efficiency (NFEE) has shown that energy efficiency opportunities of 30-50 percent still exist for many, if not all, industry sectors in Australia, with four to eight year pay back periods.  A key part of the business case for action on climate change comes from the fact that there is still a surprising amount of opportunities in most industries for energy efficiency to significantly help reduce greenhouse gas emissions, reduce business costs and increase productivity.  

Lecture 2: The Importance and Benefits of a Front-Loaded Design Process 

The aim of this lecture is to demonstrate that design teams that adopt an integrated, front-loaded approach to design can create superior, more sustainable engineering outcomes, particularly in the built environments. In particular, this lecture will assess the current demand for commercial green building design, and will explore the challenge this presents to practicing design professionals. This lecture will present case studies where the front-loaded design of commercial buildings has provided quantifiable benefits, including a reduction in energy consumption, resulting in reduced greenhouse gas emissions, reduced water consumption, improved comfort levels, and cost saving benefits.

Lecture 3: Enhancing the Systems Engineering Process through an Integrated Approach 

The aim of this lecture is to illustrate clearly how an integrated approach fits into the traditional engineering methodologies of Systems Engineering that are taught in engineering schools all around the world. This unit outlines traditional operational Systems Engineering processes as described in leading Systems Engineering text books and highlights how they can be further enhanced through an integrated approach. This unit starts by providing an overview of the standard phases of Systems Engineering in practice that are common to most engineering projects and problem solving exercises. The unit demonstrates that there is a need to more explicitly include sustainability considerations in Systems Engineering.

Lecture 4: A Whole Systems Approach to Sustainable Design 

This lecture explains the importance and relevance of a Whole System Approach to Sustainable Design in addressing the pressing environmental challenges of the 21st Century. It introduces the main concepts of a Whole System Approach to Sustainable Design and how it complements ‘design for environment’ and ‘design for sustainability’ strategies. This lecture introduces the need to innovate efficient holistic solutions to reduce our negative impact on the environment and reduce our dependence on fossil fuels. The lecture then outlines the numerous benefits that Whole System Design brings to business and the nation. These include how Whole System Design can help to achieve sustainable development enabling the decoupling of economic growth from environmental pressure. 
Lecture 5: Elements of Applying a Whole System Design Approach (Elements 1-5) 

Despite the increasing popularity of books that promote Whole System Design (WSD), like Natural Capitalism, only a tiny fraction of technical designers routinely apply a WSD approach. Most conventionally trained technical designers will require, as an introduction to Whole System Design, a more stepwise guide to ‘how the elements of a Whole System Design approach can be applied’ This unit presents a ‘how-to’ of the first five elements of Whole System Design that were outlined on day one. The application of each element for optimal sustainability and competitive advantage is also discussed and then demonstrated with case studies.
Lecture 6: Elements of Applying a Whole System Design Approach (Elements 6-10) 

Lecture 5 builds on from Lecture 4 to provide the final five elements of applying a Whole System Design (WSD) approach. This Lecture presents a ‘how-to’ of the last five elements of Whole System Design. The application of each element for optimal sustainability and competitive advantage is discussed and then demonstrated with case studies.  
Lecture 7 and 8: Whole System Design Worked Example – Design of an Industrial Piping System 
Motors use 60 percent of the world’s electricity. Of this percentage, 20 percent is used for pumping.1 Industrial pumping systems account for nearly 20 percent of the world’s industrial electrical energy demand; this is no surprise, as most systems are running in continuous operations for 18 hours per day or more. With such a large amount of energy devoted to moving liquid from one place to another (a lot of which is used to fight pipe friction and in many cases unnecessary changes in height and direction), improving the efficiency of industrial pumping systems can make major strides in the reduction of industrial energy consumption and hence greenhouse emissions. The benefits of improved pumping efficiency include reduced reliance on both the electricity grid and renewable energy supplies, and improved operational reliability. This lecture and Tutorial comprises a worked example of a Whole System Approach to the redesign of a single- pipe, single-pump system, focussed on a) reconfiguring the layout for lower head loss and b) considering the effect of many combinations of pipe diameter and pump power on life cycle cost. The WSD system uses 88% less power and has a 79% lower 50-year life cycle cost than the conventional system 
Lecture 9 and 10: Opportunities for Energy Efficiency in Manufacturing Industries (Lecture and Tutorial)
Globally, the manufacturing sector contributes more than any other industry sector to global greenhouse gas emissions. Most studies suggest that China, which has the largest manufacturing sector in the world, either has already surpassed, or will surpass soon, the US as the largest greenhouse gas emitter. The three largest uses of energy in Australia, for example, are electricity generation (30.8 percent), transport (24.3 percent) and manufacturing processes (22.6 percent), which together account for some 75 percent of Australia’s energy consumption. Research by the National Framework for Energy Efficiency have found that for the Australian manufacturing sector there are, on average, 23 percent of energy efficiency opportunities with a four year or less pay back period, and up to 45 percent energy efficiency opportunities with an eight year or less pay back period. The aim of this lecture is to provide an overview of these opportunities and also provide detailed online energy efficiency opportunity resources for various manufacturing sectors. 
Lecture 11 and 12: Taking Steps to increase Energy Efficiency (Lecture and Tutorial)
The most cost effective way to help countries rapidly progress to the Intergovernmental Panel on Climate Change’s (IPCC) recommended greenhouse gas reduction targets is to identify and implement energy efficiency savings. This lecture provides business, industry and other organisations with a clear step by step process on identifying and implementing energy efficiency opportunities in existing and new systems, and there are now a wide range of online resources freely available to help achieve this. Such online resources to help business, government, the community and households identify and implement energy efficiency savings are outlined in the Essential and Optional Reading for this lecture. The aim of this lecture is to train more engineers and technicians in the process of undertaking an energy efficiency opportunity assessment. The lecture is based on and is complemented by a thorough handbook developed by Helen Lewis and Alan Pears of RMIT and Geoff Andrews of GenesisAuto (the steps listed in the first nine learning points are quoted from this report with permission). 

TEACHING TEAM
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Charlie Hargroves – Executive Director, The Natural Edge Project: Charlie Hargroves is the co-founder and Executive Director of The Natural Edge Project, an Australian based Sustainability Think-Tank. Charlie and the TNEP team have developed a number of internationally renowned books on sustainable development, including contributions from the likes of Alan AtKisson, Amory Lovins, Ernst von Weizsäcker, Gro Brundtland, Jeffery Sachs, Leo Jensen, R. K. Pachauri, and William McDonough. Charlie is a graduate in Civil and Structural Engineering from the University of Adelaide and is currently completing a PhD in Sustainable Industry Policy with Professor Peter Newman at Curtin University. Charlie spent 12 months on secondment as the CEO of Natural Capitalism Inc, Colorado, and represents the team as an Associate Member of the Club of Rome. Charlie’s first book with colleague Michael Smith, ‘The Natural Advantage of Nations: Business Opportunities, Innovation and Governance in the 21st Century’ (Earthscan 2005), was awarded the Australian Banksia Award for Environmental Leadership, Education and Training. Building on from this work the team delivered two online open access books, 'Whole System Design: An Integrated Approach to Sustainable Engineering' (Earthscan 2008), and 'Energy Transformed: Sustainable Energy Solutions for Climate Change Mitigation' (Earthscan 2010) and is currently working on an update of ‘Factor 4’, co-authored with Ernst von Weizsäcker, and a response to the Brundtland Commission’s report ‘Our Common Future’. Charlie and the team from TNEP have developed a range of projects focused on education, strategy and policy for sustainable development, including working with international partners such as UNESCO, UNEP, Wuppertal Institute, World Federation of Engineering Organisations, Chicago Climate Exchange, World Technopolis Association, Chicago Manufacturing Centre, and Rocky Mountain Institute. The teams Australian partners include Griffith University, ANU, CSIRO, Engineers Australia, Purves Environmental Fund, Townsville City Council, National Framework for Energy Efficiency, HP, UniSA, KBR, VicUrban, Hatch, RMIT, QUT, and the Queensland EPA Sustainable Industries Division.
Cheryl Desha – Education Director, The Natural Edge Project: Cheryl Desha is a lecturer in the School of Engineering at Griffith University and Education Director of The Natural Edge Project (TNEP). Cheryl graduated in 1999 from Griffith University’s Environmental Engineering degree program (First Class Honours), receiving a University Medal and Environmental Engineering medal. She worked for consulting engineering firm Arup for four years, also undertaking eight months work placement within the Queensland government. In 2003 Cheryl joined TNEP in formal collaboration with Griffith University as a lecturer in the School of Engineering. Cheryl and the team from TNEP have developed a range of projects focused on education and training for sustainable development, including working with universities, professional bodies, government agencies, companies, schools and touring international keynote speakers. She is a co-author of The Natural Advantage of Nations (Earthscan 2005). In 2005 Cheryl was selected as the Engineers Australia Young Professional Engineer of the Year. In the same year, she was a member of the TNEP team which was announced winner of the prestigious Banksia Award for Environmental Leadership, Education and Training for The Natural Advantage of Nations, and the Engineering Sustainable Solutions Program. In the Decade of Education for Sustainable Development (2005-2014), Cheryl is focusing on developing TNEP initiatives related to rapidly transitioning engineering education to ‘engineering education for sustainable development’ (EESD). In 2005 she began her PhD on this topic at Griffith University, involving the development of a preliminary Curriculum Renewal Framework for engineering education to make the transition. She also co-founded the Queensland node of the Sustainable Living Challenge at Griffith University in collaboration with the Port of Brisbane Corporation (2006-2008). 
Related Experience of the Teaching Team
· Ongoing lecturing, course development and course convening at Griffith University.

· 5 – 7 January 2009 – Invited Keynote and Workshop, Fifth International Conference on Environmental, Cultural, Economic and Social Sustainability (Mauritius) On invitation to deliver a keynote lecture to the conference called ‘Cents and Sustainability: Securing Our Common Future’, and Charlie Hargroves and Cheryl Desha delivered a workshop that focused on practical tools for improving environmental performance of companies and organisations.

· 16 October 2008 – Invited workshops by TNEP, Asia Pacific Academy of Business in Society Annual Conference. (Singapore) On invitation from APABIS Charlie Hargroves and Cheryl Desha facilitated a plenary workshop on MBA Graduate Attributes for Sustainable Business Practices, and an ‘APABIS Strategy Symposium: Sustainable Business Practices and Energy Efficiency in the Industrial and Commercial Sectors’.

· 15 February 2008 - Invited Workshop by TNEP. 6th Symposium on Accountability, Governance & Performance (Brisbane, Australia) Charlie Hargroves and Cheryl Desha facilitated a workshop called, 'Developing Effective Strategies and Policies for Organisational Sustainability', focused on the basic tools and processes needed to facilitate constructive debate on policy formulation, direction setting, and effective implementation strategies for sustainable business practices. 

· 12 December 2007 - Invited Workshop by TNEP. International Conference on Engineering Education and Research, iCEER 2007 (Melbourne, Australia) On invitation from the host, Victoria University, TNEP delivered a workshop called 'Elements of Curriculum Renewal to Embed Sustainability into Engineering Education'.

· 7 December 2007 - Invited Workshop by TNEP. AaeE 2007: Eighteenth Annual Conference of the Australasian Association for Engineering Education (Melbourne, Australia) On invitation from the AAEE TNEP delivered a called 'Emerging Engineering Education Curriculum for Sustainable Development'. The workshop highlighted the release of the Energy Transformed online textbook, developed in partnership with CSIRO and the National Framework for Energy Efficiency.

· 4-5 August 2006. Sustainability Education & Capacity Building Framework Workshop, Halliburton/KBR. The Natural Edge Project were invited to facilitate a workshop with KBR staff in Brisbane, Australia. The workshop focused on developing the preferred attributes, literacies and competencies to be developed by the proposed ‘KBR Sustainability Education and Capacity Building Framework’. 
· 19–21 July 2006. Engineering Sustainable Solutions Program Short Course - Masters. TNEP Secretariat members Charlie Hargroves, Cheryl Paten and Nick Palousis delivered a three-day intensive short course with the theme ‘The Role of Engineers in Sustainable Development 1’ to Griffith University masters students and engineering professionals at the Eco Centre, Griffith University.

· 15-16 June 2006. Queensland Government Environmental Protection Agency - Sustainable Industries Division. The Training Session was to establish a long-term capacity building program to embed sustainability thinking, methodologies and tools into the organisations behaviour and practice to capacity build government staff interacting with businesses in Queensland related to energy and water efficiency.  
· 27-29 September 2006. Engineering Sustainable Solutions Program Short Course - Masters. TNEP Secretariat members Charlie Hargroves, Cheryl Paten and Nick Palousis delivered a three-day intensive short course with the theme ‘The Role of Engineers in Sustainable Development 1’ to Griffith University masters students and engineering professionals at the Eco Centre, Griffith University.

· 5-10 March 2006. Engineers Visioning a Sustainable Future Conference, Townsville City Council (Townsville, Australia) Charlie Hargroves and Cheryl Paten co-facilitated a full day seminar for professional engineers on sustainability and two half-day workshops for Year 12 high school students and 1st Year Engineering students (James Cook University) respectively, all based on the Engineering Sustainable Solutions Program.

· 16-19 November 2005. Sustainable Living Tasmania – Annual Sustainability Series, aimed at empowering Tasmanians with a deeper understanding of sustainability.

· 16 November 2005. The Role of Engineers in Sustainability - Charlie and Nick facilitated a 3 hour interactive seminar focused on the opportunities for engineers in sustainable development, including lectures, small group discussion and facilitated group discussion.

· 17 November 2005. The Business Case for Sustainability - Charlie and Nick presented a 2.5 hour interactive seminar focused on the opportunities for business and industry in sustainable development, including lectures, small group discussion and facilitated group discussion.

· 18 November 2005. Cultural Change and Sustainability within Universities - Charlie and Nick presented a 2.5 hour interactive seminar focused on the opportunities to accelerate change within the university towards sustainable development including lectures, a group role play scenario and facilitated group discussion.

· 19 November 2005. Sustainability - Being Realistic AND Optimistic - Charlie and Nick delivered a 45 minute public lecture as part of the Tasmanian Environmental Home Expo held in City Hall.

· 8 November 2005. University of South Australia - Formulas for a Thriving Planet Forum (Adelaide, Australia). The Forum provided a relaxed opportunity for young representatives from a number of fields to engage directly with WWF Australia CEO Greg Bourne on topical environmental matters and active solutions. The Session was facilitated by Charlie Hargroves and Nick Palousis.

· 26 September 2005. Young Engineers Australia National Forum (Sydney, Australia). Two hour workshop facilitated by the TNEP team (Charlie Hargroves, Cheryl Paten and Nick Palousis) for 190 young professional engineers at the YEA national forum, focusing on their ability to effect real change in their workplace (around the theme of sustainability).

· October 2004. Charlie Hargroves, Cheryl Paten and Nick Palousis assisted with running a 2 day workshop, Sustainability Intensive, lead by Alan AtKisson, Hunter Lovins and Junko Edahiro at Imperial College (London, UK).
Related Experience of Teaching Team working with Industry and Industry Groups
· KBR Government & Infrastructure, "Selected KBR staff attended workshops, courses and seminars by The Natural Edge Project (TNEP). These resulted in the development of an in-house sustainability program through which we will educate and support our wider staff in the Asia Pacific region as the field of sustainable engineering continues to develop. This program has set the benchmark for our global counterparts in KBR and has provided a robust framework upon which we can build a sustainable future. We will continue to collaborate with TNEP as we progress towards sustainability." Bridget Kelly, Sustainability Technical Sector Leader, KBR Government & Infrastructure.

· Townsville City Council, TNEP has an ongoing partnership with the Environmental Management Services team, lead by Greg Bruce, including delivering training sessions, facilitating workshops and organising keynote speakers. In 2007 TNEP began a partnership with TCC around the Solar Cities program, a five year program supported by the Federal Government in partnership with Ergon Energy.

· Hewlett Packard (IT) TNEP worked closely with HP to develop a white paper on sustainable product service systems, researching the benefits of shifting to a product service model for the provision of IT services and the impacts on environmental performance of suppliers and customers.

· CSR Limited (Diversified Manufacturing) TNEP worked with CSR limited to assist in the development of a position paper to the Board. "Working with the team from TNEP was a pleasure and their professional expertise and operational understanding was evident right from the first meeting. TNEP have added a great deal to our understanding of sustainability and how it can relate to the industry segments with which we are involved. I would highly recommend them to others." Martin Jones, General Manager, Government Relations, CSR Ltd.  

· Santos (Oil and Gas) TNEP is supporting our consulting associate, Dan Atkins of Sustainable Business Practices, to provide a range of services to Santos including; sustainability indicators selection, prioritisation and data collection; development of the 2005 Santos Sustainability Report and research to enhance the sustainability content of the Santos website.

· VicUrban (Urban Development) TNEP is working with VicUrban to assist in the development of a suite of Environmental and Urban Design Performance Measures and Indicators for Industrial and Business Park Developments. TNEP is collaborating with our partners Janis Birkeland (research) and Hatch (review) to develop the Indicators.

· HATCH Engineering (Minerals Processing) TNEP is working with Hatch to assist in the development of training material focused on sustainability critical literacy skills, relevant to the minerals processing industry. The training materials strongly align with the leading sustainability tools within Hatch.

· Queensland Government Environment Protection Agency – Sustainable Industries Division - ecoBiz Program. TNEP is working with the Sustainable Industries Division of the Queensland EPA to assist the division to further develop their capacity building programs and assist the division to embed sustainability thinking, methodologies and tools into the organisations behaviour and practice.

· Environs Australia. Environs Australia was formed in 1989 and is a network of members interested in promoting sustainable development through local action, primarily in the local government sector. TNEP worked with Environs for over 2 years to assist them to develop a database of best practice in local government sustainability.

· Dell, through the Griffith – Dell E-Waste Research and Education Grant. TNEP is contributing to research content on emerging trends and activities relating to E-Waste, then to develop educational material for university students in the form of an education module, in collaboration with the Griffith Sustainable Living Challenge team who are developing a high school education module.
SECTION B – ADDITIONAL INFORMATION
OVERVIEW OF THE NATURAL EDGE PROJECT
The Natural Edge Project (TNEP) is an independent Sustainability Think-Tank based in Australia. TNEP operates as a partnership for education, research and policy development on innovation for sustainable development. TNEP's mission is to contribute to and succinctly communicate leading research, case studies, tools, policy and strategies for achieving sustainable development across government, business and civil society. Driven by a team of early career Australians, the non-profit Project receives mentoring and support from a range of experts and leading organisations in Australia and internationally. 

TNEP's main activities involve undertaking research, creating education material and curriculum, and developing industry and economic policy. This research is supported by a range of grants, sponsorship (both in-kind and financial) and donations. For example, the project is administratively hosted in-kind by Griffith University and ANU and they provide oversight and financial accountability for the use of TNEP funds. Previous to this The Institution of Engineers Australia incubated and hosted TNEP as a special project from 2002-2006. TNEP undertakes a range of action research activities to inform and further develop its research program, including delivering short courses, workshops, design charrettes, strategic planning sessions and conference presentations and to build industry experience and relationships.
OVERVIEW OF WORK OF THE NATURAL EDGE PROJECT

Book: The Natural Advantage of Nations - Business Opportunities, Innovation and Governance in the 21st Century (Earthscan 2005)   

This book is about innovation, solutions, competitiveness and profitability. It is also about building environmental integrity and sustainability now and for future generations. It draws a bold vision for the future and tells us how to get there by building on the lessons of competitive advantage theory and the latest in sustainability, economics, innovation, business and governance theory and practice. The authors incorporate innovative technical, structural and social advances, and explore the role that governance can play in both leading and underpinning business and communities in the shift towards a sustainable future. The result is nothing less than the most authoritative and comprehensive guide to building the new ecologically sustainable economy. 
Report: Prospering in a Carbon Constrained World - Profitable Opportunities for Greenhouse Gas Emissions Reduction (TNEP 2005)
This Management Report, and its accompanying Operations Report and Training Modules, are offered by the Chicago and European Climate Exchanges to business, non-profit organizations and government departments to present a profitable mechanism to prosper in the new carbon-constrained world. The materials provide additional resources for decision-makers, including leading-edge company and government case stories; summaries of climate change science and expected human impacts; emissions trading and regulation systems; the economics and public policy of climate change; and management frameworks for getting started. This pre-publication report was developed for Natural Capitalism Solutions (NCS), for use in its engagement with the Chicago Climate Exchange (CCX) and the European Climate Exchange (ECX). The report was researched and prepared by Karlson ‘Charlie’ Hargroves and Michael H. Smith of The Natural Edge Project, supervised and reviewed by Hunter Lovins. Nick Palousis, Cheryl Paten and David Marsden-Ballard of TNEP assisted in the research. The introduction to the report was written by Hunter Lovins, President of NCS.

Course: Introduction to Sustainable Development for the Engineering and Built Environment Professions (TNEP 2006)
The course is the introductory course in the Critical Literacies Portfolio of the Engineering Sustainable Solutions Program. The course focuses on the context for incorporating sustainable development into the engineering profession, describing the terms, barriers, opportunities and existing tools that define and explain a whole systems approach to Sustainable Development. TNEP received grants from UNESCO (Natural Science Sector) and The Institution of Engineers Australia (College of Environmental Engineering and Society for Sustainability and Environmental Engineering) to develop this course. 

Course: Principles and Practices in Sustainable Development for the Engineering and Built Environment Professions (TNEP 2006)
The course is the second, intermediate course in the Critical Literacies Portfolio of the Engineering Sustainable Solutions Program. The course builds on from the introductory course and provides a focus on principles and practices involved in incorporating sustainable development into the engineering profession. TNEP received grants from UNESCO (Natural Science Sector) and The Institution of Engineers Australia (College of Environmental Engineering and Society for Sustainability and Environmental Engineering) to develop this course.  

Report: Plastics and Chemicals Industry Association (PACIA) Sustainability Leadership Framework for Industry - Plastics and Chemicals Industry Discussion Paper (PACIA 2007)
To assist the plastics and chemicals industries on its journey to a sustainable future, PACIA in consultation with its members and stakeholders has developed a "Sustainability Leadership Framework". A Discussion Paper has been developed as the first step in communicating the value of sustainability to the plastic and chemicals industries and its stakeholders, as well as identifying priority areas and tools to assist the industries contribute to sustainability across the social, environmental and financial spheres, both now and into the future. The Natural Edge Project provided research, advice and support in the development of the Discussion Paper.

White Paper: ‘Sustainable IT’ through ‘Sustainable Product Service Systems - a case study of Hewlett Packard’ (HP 2007) 

HP commissioned research by TNEP to investigate and outline the benefits of shifting to a product service model for the provision of IT services and the impacts on environmental performance of suppliers and customers. The resulting report provides guidance on a range of questions now facing the industry with a focus on the drivers, benefits and opportunities of a shift towards ‘Sustainable Product Service Systems’.

Book: Energy Transformed - Sustainable Energy Solutions for Climate Change Mitigation (TNEP 2008)
This 600+ page Online Textbook provides free access to a comprehensive education and training package that brings together the knowledge of how countries, specifically Australia, can achieve at least 60 percent cuts to greenhouse gas emissions by 2050. This resource has been developed in line with the activities of the CSIRO Energy Transformed Flagship research program which is focused on research that will assist Australia to achieve this target. This training package provides industry, governments, business and households with the knowledge they need to realise at least 30 percent energy efficiency savings in the short term while providing a strong basis for further improvement. It also provides an updated overview of advances in low carbon technologies, renewable energy and sustainable transport to help achieve a sustainable energy future. Whist this education and training package has an Australian focus, it outlines sustainable energy strategies and provide links to numerous online reports which will assist climate change mitigation efforts globally. This training program seeks to compliment other initiatives seeking to encourage the reduction of greenhouse gas emissions through behaviour change, sustainable consumption, and constructive changes in economic incentives and policy. 

Book: Whole System Design - An Integrated Approach to Sustainable Engineering (Earthscan 2008)
Whole System Design is increasingly being seen as one of the most cost effective ways to both increase the productivity and reduce the negative environmental impacts of an engineered system. A focus on design is critical, as the output from this stage of the project locks-in most of the economic and environmental performance of the designed system throughout its life, which can span from a few years to many decades. Indeed, it is now widely acknowledged that all designers – particularly engineers, architects and industrial designers – need to be able to understand and implement a whole system design approach. This book provides a clear design methodology, based on leading efforts in the field, and is supported by worked examples that demonstrate how advances in energy, materials and water productivity can be achieved through applying an integrated approach to sustainable engineering. Chapters 1–5 outline the approach and explain how it can be implemented to enhance the established Systems Engineering framework. Chapters 6–10 demonstrate, through detailed worked examples, the application of the approach to industrial pumping systems, passenger vehicles, electronics and computer systems, temperature control of buildings, and domestic water systems.

Book: Factor 5 - Transforming the Global Economy through 80% improvements in Resource Productivity (Earthscan 2009)

When first published in 1997, Factor Four: Doubling Wealth, Halving Resource Use by efficiency pioneers Ernst von Weizsäcker, Amory Lovins and L. Hunter Lovins, transformed how economists, policy makers, engineers, entrepreneurs and business leaders thought about innovation and wealth creation. Through examples from a wide range of industrial sectors, the authors demonstrated how technical innovation could cut resource use in half while doubling wealth. Now twelve years on, with climate change at the top of the world agenda and the new economic giants of China and India needing ever more resources, there is a unique historic opportunity to scale up resources efficiency and radically transform the global economy. And Factor Five is the book set to change all of this. Picking up where Factor Four left off, this new book examines the past 15 years of innovation in industry, technical innovation and policy. It shows how and where factor four gains have been made and how we can achieve greater factor five or 80%+ improvements in resource and energy productivity and how to roll them out on a global scale to retool our economic system, massively boost wealth for billions of people around the world and help solve the climate change crises. This publication is co-authored with Ernst Von Weizsäcker.
Book: Cents & Sustainability: Decoupling Economic Growth from Environmental Pressures (Earthscan 2010)

This new book, to be released in mid 2008, is a response from the next generation to key themes developed in the 1987 publication Our Common Future (also known as The Brundtland Report). OCF20+ will further explore, in a modern global context, the conditions under which society can achieve a form of economic growth that is both socially and environmentally sustainable. The Development of this publication has been made possible by a Grant from the Purves Environmental Fund. The introduction to 'Cents and Sustainability' will be written by Dr Jim MacNeill (former Secretary General to the Brundtland Commission, and former Director, OECD Environment Directorate 1978 -1984). It will carry forewords from Dr Gro Brundtland (former Chair of the World Commission on Environment and Development), Dr Rajendra Pachauri (Chief, Intergovernmental Panel on Climate Change (IPCC), and joint recipient of the 2007 Nobel Peace Prize on behalf of the IPCC), and Dr Kenneth Ruffing (former Deputy Director and Chief Economist of the OECD Environment Directorate 2000 - 2005). 
"I commend the team from The Natural Edge Project and their partners for undertaking to develop a response to 'Our Common Future' to mark its 20th anniversary. The focus of this new book, 'Cents and Sustainability', is to bring together significant evidence from the last 20 years to demonstrate that environmental and social sustainability and economic growth need not be incompatible but rather can reinforce each other." Dr Gro Brundtland                                                                                   
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