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Course description: This course introduces the science of Industrial Ecology (IE).  IE is presented as a framework for studying the interactions of modern technological society with the environment.  The course helps students to understand the potential for environmental improvement in industry using an analogy of industrial systems to natural ecological systems.  Industries, organizations and manufacturing processes are seen as interacting systems rather than isolated components in a system of linear flows. Students will learn to diagnose and solve complex system-level problems by applying the IE framework.    

Course Pre-requisites:  None

Required Textbooks: 

IMPORTANT: You are not required to purchase the textbook for this course.  Your textbook will be available as an electronic book within your fully online or blended course on the eCollege platform.
  
Graedel, T.E., & Allenby, B.R. (2003). Industrial ecology (2nd ed.). Prentice Hall/Pearson
       Education Inc.  

Required Articles:

· Arthur, B., (1990) Positive feedbacks in the economy, Scientific American, 92-99, February.
· Chertow, M., (2001) The IPAT equation and its variants: Changing views of technology and environmental impacts, Journal of Industrial Ecology, 4(4), 13-29.
· Cooper, J.S., and Fava, J.A. (2006) Life-Cycle Assessment Practitioner Survey: Summary of Results, Journal of Industrial Ecology, 10(4): 12-14
· Frey, S. D., Harrison, D.J., and Billett, E.H. (2006) Ecological Footprint Analysis Applied to Mobile Phones, Journal of Industrial Ecology, 10(1-2): 199-216.
· Hardin, G., (1968) The Tragedy of the Commons, Science, 162, 1243-1248.
· Hauser, J.R. and Clausing, D., (1988) The House of Quality, Harvard Business Review May-June
· Hertwich, E.G. (2000) A Theoretical Foundation for Life-Cycle Assessment: Recognizing the Role of Values in Environmental Decision Making, Journal of Industrial Ecology, 4(1) 13-28.
· Levine, S.A. (1997) Mathematical and Computational Challenges in Population Biology and Ecosystems Science, Science, Vol 275 pgs 334-341.
· Levine, S.H., (2000) Products and ecological models: A population ecology perspective, Journal of Industrial Ecology, 3 (2,3), 47-62.
· Lützkendorf, T., & Lorenz, D. (2005). Sustainable property investment: valuing sustainable buildings through property performance assessment. Building Research & Information, 33(3), 212-234. Retrieved May 22, 2009, doi:10.1080/09613210500070359
· Shane, A.M. & Graedel, T.E. (2000) Urban Environmental Sustainability Metrics: A Provisional Set, Environmental Planning and Management, Sept 43, 5. 
· Zeckhauser, R.J. & Viscusi, W.K. (1990) Risk within Reason, Science, 248, 559-564
 
Websites:
The National Environmental Policy Act (NEPA) [42 U.S.C. 4321 et seq.] at http://www.epa.gov/compliance/basics/nepa.html#eis  
UN ECE Convention on EIA in a transboundary context (UN ECE Homepage ESPOO Convention) at http://www.unece.org/env/eia/ 
EIA Directive (85/337/EEC) at http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31985L0337:EN:HTML  
Amended EIA Directive (97/11/EC) at http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31997L0011:EN:HTML 
SEA Directive 2001/42/EC at http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2001:197:0030:0037:EN:PDF 
Janine Benyus shares nature's designs at http://www.ted.com/index.php/talks/janine_benyus_shares_nature_s_designs.html 
EPA on Full Cost Accounting at http://www.epa.gov/waste/conserve/tools/fca/whatis.htm 

Recommended Articles:

Andrews, C.J. (1999) Putting Industrial Ecology into Place: Evolving Roles for Planners, Journal of American Planning Association., 65(4), Autumn, 364-375
Christmann, P. (2000) Effects of Best Practices of Environmental Management on Cost Advantage: The Role of Complementary Assests, Academy of Management Journal, 43(4): 683-680.
Cohen, M.J., & Howard, J. (2006) Success and Its Price: The Institutional and Political Relevance of Industrial Ecology, Journal of Industrial Ecology, 10 (1-2): 79-88
Davis,G. (1993) The use of life-cycle assessment in environmental labeling programs. Washington, DC: Environmental Protection Agency 
Ehrenfeld, John R. (2007) Would Industrial Ecology Exist without Sustainability in the Background? Journal of Industrial Ecology, 11(2): 73-84
Ehrenfeld, John R. (2004) Can Industrial Ecology be the “Science of Sustainability”? Journal of Industrial Ecology, 1(2): 1-3.
Esty, D. & Porter, M. (1998) Industrial ecology and competitiveness: Strategic implications for the firm. Journal of Industrial Ecology, 2(1): 35-43.
Finster, M., Eagan, P., & Hussey D. (2002) Linking Industrial Ecology with Business Strategy, Journal of Industrial Ecology, 5(3): 107-125
Florida, R. (1996) Lean and Green: The move to environmentally conscious manufacturing. California Management Review, 39(1): 80-105.
Frey, S. D., Harrison, D.J., and Billett, E.H. (2006) Ecological Footprint Analysis Applied to Mobile Phones, Journal of Industrial Ecology, 10(1-2): 199-216.
Klausen, R.D. & McLaughlin C.P. (1993) TQM and environmental excellence in manufacturing, Industrial Management and Data Systems, 93(6): 14-22
Maxwell, J., Rothenberg, S., Briscoe, F., & Marcus A. (1997) Green Schemes: Corporate environmental strategies and their implementation. California Management Review. 39(3): 118-134.
Rossi, M., Charon, S., Wing, G. and Ewell, J. (2006) Design for the Next Generation; Incorporating Cradle-to-Cradle Design into Herman Miller Products, Journal of Industrial Economy, 10(4): 193-210.
Welford, R. (1993. Breaking the link between quality and the environment: auditing for sustainability and life cycle analysis. Business Strategy and the Environment, 4(Winter): 25-33.
Wells, P., and Orsato, R.J. (2005) Redesigning the Industrial Ecology of the Automobile, Journal of Industrial Ecology, 9(3): 15-30

Course length:  7.5 Weeks

Contact Hours: 45 Hours

Credit Value: 3.0

Program Outcomes:
1. Research
1.1. Performing – Design, conduct, and justify applied research in a business context using appropriate methodology
1.2. Understanding – Evaluate and apply existing theory and research to current business practice
2. Communication
2.1. Oral – Present orally, complex business information that is concise, clear, organized, and well supported in a professional manner appropriate to the business context
2.2. Written – Present in writing, complex business information that is concise, clear, organized, and well supported in a professional manner appropriate to the business context using required format
3. Critical Thinking/Problem Solving
3.1. Critical thinking – Evaluate relevance of established theory to current business practice and identify gaps in current literature 
3.2. Problem Solving/Decision Making – Given a business situation, diagnose the underlying causes of the situation, evaluate possible solutions, in relation to underlying business theory and determine and defend appropriate course of action
3.3. Information Literacy - Conduct an exhaustive literature search from a variety of sources, evaluate the credibility of the sources, and apply that information to create new knowledge
4. Team
4.1. Leadership - Conduct an exhaustive literature search from a variety of sources, evaluate the credibility of the sources, and apply that information to create new knowledge
4.2. Collaboration - Given a case study or business situation collect, assimilate, and disseminate the views of stakeholders
5. Ethics
5.1. Ethics - Given a case study or business situations, evaluate the ethical dimensions of decision situations and personal, social, and corporate responsibility not absolved by market forces
6. Diversity
6.1. Diversity - Given a case study or business situation evaluate the multicultural dimensions of decision situations and multicultural solutions to business situations
7. Sustainable Strategic Planning and Resource Management 
7.1. Strategic Planning - Given a business case, create a strategy that will add economic value, serve the needs of society, and protect the environment by integrating sustainability principles into the operational functions of the organization. This will include developing a plan to work with various stakeholders to identify and address complex sustainability issues related to the organization.
7.2. Resource Management – Develop clear initiatives with which a business can sustainably manage its resources over the long term. This should include an assessment of the life cycle impact of specific products, processes, and services.

Course Objectives:
1. Examine, research and analyze the diverse literatures that contribute to the industrial ecology field (Program Outcomes: 1.1; 1.2; 2.2., 3.1; 3.2; 3.3; 5.1).
2. Analyze the industrial ecology framework as an approach to maximize systems to sustainability. (Program Outcomes: 1.2; 2.1; 2.2; 3.1; 3.3; 4.2; 5.1)
3. Design and build an interdisciplinary team with the appropriate combination of expertise to apply industrial ecology principles in business. (Program Outcomes: 1.2; 2.1; 2.2; 3.1; 3.2; 4.1; 4.2; 5.1; 6.1)
4. Evaluate and apply the principles and practices of leading and managing an organization pursuing a strategy of industrial ecology in a changing global business ecosystem (Program Outcomes: 1.1; 1.2; 3.1; 3.2; 4.1; 4.2; 5.1 6.1).

Assignments: 

	Module
	Module Topics
	Readings
	Assignments

	1
	Introduction to Industrial Ecology
· The Tragedy of the Commons
· Activities of an Industrialized Society
· The Key Questions and Challenges of Industrial Ecology
· How IE defines risk

	· Graedel and Allenby, Chapters 1,2,3, 24, 25
· Chertow, M., (2001) 
· Hardin, G., (1968) 
· Arthur, B., (1990)
· Zeckhauser, R.J. and  Viscuski (1990) 
	Discussion #1.1 
· Using the library resources, Internet, and course texts, extract a workable definition of industrial ecology that takes into account technology, society, and the environment. Discuss the role of industrial ecology in building a sustainable world, taking into account the risks of unsustainable actions.  
Discussion #1.2 
· Describe the pros and cons of technology in dealing with the current major economic, social, and environmental challenges. Bring relevant examples and data from the literature.

	2
	Resource Availability, Allocation, and Use
· The analogy of biological organisms
· Population Ecology
· Regenerative and non regenerative resources
· Consumption Patterns
· Technology
· Environmentalism and Culture
· IE and the legal and economic systems

	· Graedel and Allenby, Chapters 4,5,6, 20, 21
· Levine, S.H., (2000)
· Levine, S.A. (1997)
· Shane, A.M. & Graedel, T.E. (2000)

	Assignment #2.1
· Research at least five articles on consumerism and its implications for the sustainability efforts. Take into account the economic, environmental, and social aspects. Write a three-page paper that analyzes and compares future alternatives to consumerism. What (if any) legal mechanisms are needed in each case?
Discussion #2.1
· Research and discuss the value of the analogy between industrial and biological systems. Support your rationale with current research from peer-reviewed articles. 
Discussion #2.2
· You have been assigned by your company, a lumber and forest products producer, to begin dialog with environmentalist groups who are concerned about your forest management practices. You believe that the available scientific evidence supports your practices, and are concerned that environmentalists are more interested in headlines than forestry.  What kind of presentation would you prepare for your first meeting?  What role do you think the governments of the areas within which you operate should play? 

	3
	Environmental Impact Assessment 
· The National Environmental Policy Act (NEPA)
· Transboundary Context
· European Union Directives  


Standards and Regulations
· Global 
· Industry specific
	· Graedel and Allenby, Chapter 7
· The National Environmental Policy Act (NEPA) [42 U.S.C. 4321 et seq.] 
· UN ECE Convention on EIA in a transboundary context (UN ECE Homepage ESPOO Convention)
· EIA Directive (85/337/EEC) 
· Amended EIA Directive (97/11/EC)
· SEA Directive 2001/42/EC




 


	Discussion #3.1
· What are the differences and similarities between the environmental Impact Assessment Procedures in European Union and United States? What are the advantages and disadvantages of each approach?
Discussion #3.2
· Select a recent project from ????
Assignment #3.1
· Identify standards and/or regulations related to industrial ecology, which are relevant to your organization, industry, or area of interest. Make a list of at least five such standards and regulations and explain how their use affect or could affect your organization. 
Assignment #3.2
· Using Internet resources, find sources which illustrate a manufacturing process in considerable detail at a specific industrial facility.  To the extent possible, evaluate the process, pointing out its strengths and weaknesses from an industrial ecology standpoint.


	4
	 Business and Industrial Ecology
· Food Webs and Eco-Industrial Parks 
· Globalization and Global Supply Chains
· Biomimicry
· System analysis of Material and Energy Flow (MFA and EFA)
· IE and Business Strategy
	· Graedel and Allenby, Chapters 8,9,22,23
· Hak, Moldan & Dahl, Part IV: System and Sectoral Approaches
· Watch the video Janine Benyus shares nature's designs

	Discussion #4.1
· Discuss the significance of a food web representation for an industrial process. What are the lessons to be learned in designing an eco-industrial park? Can these lessons be applied to business strategy?
Discussion #4.2
· Discuss the difference between biotechnology and biomimicry. Give an example of a problem in an organization or industry which might be solved using biomimicry. What kind of experts should be part of the project team? How can the organization secure such expertise?
Discussion #4.2
· What are the sustainability implications of the globalization process? How can the positive impacts of the global supply chains overcome their negative impacts? Support your answers with current research on developed and emerging economies.
Assignment #4.1
· Submit an initial outline/draft of your final paper. Include identified references that pertain to each section.

	5
	Life Cycle Assessment (LCA): Components and Application  
· Process-level LCA versus Economic Input-Output (EIO) LCA
· Life Cycle Inventory Analysis
· System Boundaries
· Functional Units of Analysis
· Process Flow Diagrams
· Input/Output Analysis
· Life Cycle Impact Assessment
	· Graedel and Allenby, Chapters 15,16,17
· Hertwich, E.G. (2000)
· Cooper, J.S., and Fava, J.A. (2006)
· Frey, S. D., Harrison, D.J., & Billett, E.H. (2006)
	Discussion (team work) #5.1
· Choose a common but sophisticated household appliance such as a refrigerator, a television set, or a washing machine.  Describe the life stages of the appliance, including identifying who is primarily responsible for the environmental concerns at each life stage.  For each stage, construct a materials and energy flow diagram. Identify the impacts associated to each stage. Suggest appropriate actions by each of the links in the supply chain of the product, in order to minimize the negative effects of the product, while maximizing the positive ones. Prepare a 20 minute PowerPoint presentation of your findings. It will be presented in class during module 6.
Assignment #5.1
· Research at least six articles on Life Cycle Assessment (LCA). Write a three-page paper to compare and contrast process-level and Economic Input-Output LCA. Give examples on how these can be applied to your area of interest.   

	6
	Life Cycle Impact Assessment
· Materials
· Manufacturing
· Energy
· Packaging
· Transportation
· Product usage
· Recycling and end-of-life

Life Cycle Design and Management
· Involving multiple stakeholders in product and process design
· Environmental Management Systems

	· Graedel and Allenby, Chapters 10, 11, 12, 13, and 14
· Hauser, J.R. and Clausing, D., (1988)

	Assignment #6.1
· Research articles on companies that use industrial ecology tools to change and grow their organizations. Compile a chart of explicit IE tools, thinking, and strategies that are applicable to your organization, industry, or area of interest. Ground your rationale within the research.  
Assignment #6.2
· Present the LCA PowerPoint from the team discussion in Module 5. 

	7
	Full Cost Accounting 
· Conventional Costs
· Hidden Costs
· Liability Costs
· Less Tangible Costs
· External Costs

Life Cycle Costing 
· Purchase
· Ownership
· Disposal


	· Graedel and Allenby, Chapters 18, 19, 26
· EPA on Full Cost Accounting
· Lützkendorf, T., & Lorenz, D. (2005)
	Discussion #7.1
Research at least six articles on full cost accounting and life cycle costing. Develop a comprehensive list of possible costs in each category. Refer to the product you worked on with your team in Module 5. Select one of the companies in the supply chain. Highlight and discuss environmental consequences that are likely to be excluded from the company’s accounts and product prices.
Assignment #7.1
· Write a research paper that presents Industrial Ecology as a framework for organizational assessment and change. Take into account each module topic included in the course.  Be sure to support your arguments with academic research (both theoretical and empirical). 
 
Final Paper – Description & Parameters
The final paper for the course is expected to be 15 - 20 pages long, plus a cover page, abstract, reference pages and appendices (if needed). The paper is to be typed, double-spaced and written following the APA5th form and style. The final reflective must contain the following qualities:
· Introduction (a statement of the problem)
· Literature Review (a discussion of the pertinent literature)
· Body (a discussion of how the literature relates to the project)
· Summary and Recommendations.

This assignment is designed to assist students in developing the following course performance objectives:
1. Performing and Understanding Research
2. Written Communication Skills
3. Critical Thinking/Problem-solving/Decision-making/Information Literacy
4. Ethics/Diversity
5. Teams/Leadership

	8
	Course Review

	· Review all readings
        
	Assignment #8.1
· Evaluate the usefulness of this course to you in terms of professional value. What was useful, what could be improved? Also, choose 4 of the course objectives and describe the value of your learning in terms of building sustainable organizations. 
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Grading Criteria

	Grading Scale												                                                                                               Grading requirements
	A
	100 – 93

	A-
	92 – 90

	B+
	89 – 88

	B
	87 – 83

	B-
	82 – 80

	C+
	79 – 78

	C
	77 – 73

	C-
	72 – 70

	F
	69 and below


	Attendance/participation
	20%

	Weekly Assignments
	35%

	Final paper
	35%

	Optional
	10%

	
	100%
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 Library

All resources in Argosy University’s online collection are available through the Internet.  The campus librarian will provide students with links, user IDs, and passwords. 

All resources in Argosy University’s online collection are available through the Internet.  Students can access the online collection by logging into the student portal and clicking on the library link. Library Resources:  Argosy University’s core online collection features over 48, 889 full-text journals and 23,000 electronic books and other content covering all academic subject areas including Business & Economics, Career & General Education, Computers, Engineering & Applied Science, Humanities, Science, Medicine & Allied Health, and Social & Behavior Sciences.  Many titles are directly accessible through the Online Public Access Catalog at http://library.argosy.edu.

In addition to online resources, Argosy University’s onsite collections contain a wealth of subject-specific research materials searchable in the Online Public Access Catalog.  Catalog searching is easily limited to individual campus collections.  Alternatively, students can search combined collections of all Argosy University Libraries.  Students are encouraged to seek research and reference assistance from campus librarian.

Academic Policies

Academic Dishonesty/Plagiarism:  In an effort to foster a spirit of honesty and integrity during the learning process, Argosy University requires that the submission of all course assignments represent the original work produced by that student.  All sources must be documented through normal scholarly references/citations and all work must be submitted using the current edition of the Publication Manual of the American Psychological Association. Students are encouraged to purchase this manual and become familiar with its content as well as consult the Argosy University catalog for further information regarding academic dishonesty and plagiarism.

Scholarly writing:  The faculty at Argosy University is dedicated to providing a learning environment that supports scholarly and ethical writing, free from academic dishonesty and plagiarism.  This includes the proper and appropriate referencing of all sources. You may be asked to submit your course assignments through “Turnitin,” (www.turnitin.com), an online resource established to help educators develop writing/research skills and detect potential cases of academic dishonesty.  Turnitin compares submitted papers to billions of pages of content and provides a comparison report to your instructor. This comparison detects papers that share common information and duplicative language. 








Americans with Disabilities Act Policy

It is the policy of Argosy University to make reasonable accommodations for qualified students with disabilities, in accordance with the Americans with Disabilities Act (ADA).  If a student with disabilities needs accommodations, the student must notify the Director of Student Services.  Procedures for documenting student disability and the development of reasonable accommodations will be provided to the student upon request.  

Students will be notified by the Director of Student Services when each request for accommodation is approved or denied in writing via a designated form.  To receive accommodation in class, it is the student’s responsibility to present the form (at his or her discretion) to the instructor.  In an effort to protect student privacy, the Department of Student Services will not discuss the accommodation needs of any student with instructors. Faculty may not make accommodations for individuals who have not been approved in this manner.


The Argosy University Statement Regarding Diversity

Argosy University prepares students to serve populations with diverse social, ethnic, economic, and educational experiences. Both the academic and training curricula are designed to provide an environment in which students can develop the skills and attitudes essential to working with people from a wide range of backgrounds.
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