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COURSE DESCRIPTION (INCLUDE REQUISITES/RESTRICTIONS):

The outputs and processes associated with industrial systems are examined, with speciat emphasis placed on interactions of these systems with environmental and ecological
systems. A full product life cycle perspective is stressed, including energy and material flows, processes used to produce materials and realize products, and the management of
end-of-life of products. Prerequisites: {EEE 25000 or EEE 30000 or CE 35000 or CE 35500] and [MA 16200 or MA 16600 or MA 22400 or equivalent] and Junior standing (60+
credits).

*COURSE LEARNING OUTCOMES:

Successful students in this course will develop: (1) an understanding of the principles of industrial ecology and an ability to apply these principles to specific engineering and
manufacturing systems in order to create designs with reduced environmental and ecological impact; (2) knowledge of life cycle analysis (LCA), its different forms, its limitations, its
endpoints, and the common tools, techniques, and databases available to assis in LCA,; (3) the ability to perform a limited life cycle analysis on an industrial product or process, with
a defined analysis goal; and (4) an understanding of the complex interactions between industrial and environmental systems.
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BB 92000

Engineering Faculty Document 41-11

April 5, 2011
TO: The Faculty of the College of Engineering
FROM: The Faculty of the Division of Environmental and Ecological Engineering
SUBJECT:  New Undergraduate Course: EEE 43000, Industrial Ecology and Life Cycle
Analysis

The faculty of the Division of Environmental and Ecological Engineering has approved the
following new course. This action is now submitted to the Engineering Faculty with a
recommendation for approval.

EEE 43000: Industrial Ecology and Life Cycle Analysis

Sem. 2, Class 3, cr. 3.

Prerequisites: [EEE 25000 or EEE 30000 or CE 35000 or CE 35500], [MA 16200 or MA 16600
or MA 22400], Junior Standing

Course description:

The outputs and processes associated with industrial systems are examined, with special
emphasis placed on interactions of these systems with environmental and ecological systems,
and on computer-based dynamic modeling of these systems. A full product life cycle perspective
is stressed, including energy and material flows, processes used to produce materials and realize
products, and the management of end-of-life of products.

Reasons:

The study of the interaction of industrial material and energy flows with the environment is
termed industrial ecology; it is generally understood that the field is concerned with reducing the
impact of industrial systems on the ecosphere. The industry portion of the economy consists of a
process network that extracts resources and transforms them into materials and products for the
benefit of humankind. Industrial ecology describes the material/energy flows of industrial
process, and how they impact natural resources, and lead to environmental contamination. One
of they key aspects of industrial ecology is life cycle thinking. Since products and materials
interact with the environment through energy and material flows at every stage of their life cycle,
from raw material extraction to end of life disposal, life cycle thinking is needed to
design/develop products for improved environmental performance. Tools have been developed
to provide a comprehensive assessment of product life cycle environmental impacts. The
principles behind life cycle assessment are introduced in this course. The course also introduces
students to the concept of societal sustainability and corporate social responsibility. This course
serves as the fundamental building block for the “Sustainable Industrial Systems” theme within
the BSEEE curriculum.

CM;D ‘ APPROVED FOR THE FACULTY

JohA W. Sutherland, Head OF THE SCHOOLS OF ENGINEERING

Division of Environmental and Ecological Engineering BY THE ENGINEERING
CURRICULUM COMMITTEE
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EEE 43000: Industrial Ecology and Life Cycle Analysis

Level: Undergraduate

Course Instructor(s): John W. Sutherland and others

Course Outline:
Proposed Schedule of Class Periods:

cEE 432000

Supporting Documentation
Page 1 of 2

Supply chain issues

Final Exam (during exam week)

Class Topic Class Topic
Period Period

1 Course Introduction — Overview 24  Environmental measures

2 Societal needs 25 Environmental measures

3 Review environmental challenges 26 Life cycle assessment — basics

4 Understanding the industrial sector | 27 Life cycle inventory

5 Traditional energy production 28  LCA impact

6 Alternative energy production 29  Input-output modeling

7 Materials 30  Economic I/O modeling

8 Material and energy balances 31 EIO-LCA

9 Materials extraction 32 Environmental laws & regulations
10  Materials processing 33 Recycling

11 Resource Limits 34 Remanufacturing 1

12 Industrial processes - 1 35 Remanufacturing 2 (disassembly)
13 Industrial processes - 2 36 Business: mkt. share, econ., risk
14 Assembly, packaging, distribution 37 Design process

15 Life cycles 38 Design for the environment (DFX)
16 Consumption & Use 39 Life cycle design

17 Maintenance and end-of-life 40 Industrial ecology

18 Product design 41 Sys. design, industrial ecosystems
19 Midterm Exam 42 End-of-life management
20 Process design 43 Services and the environment
21 Facilities and industrial enterprise 44 Societal sustainability
22
23

Industry and the environment

Textbook and readings:
— Graedel, T.E., and B.R. Allenby, Industrial Ecology and Sustainable Engineering, 2010,
Prentice-Hall.
— Other materials (including primary literature) will be made available electronically

Grading:
Homework 25%
Midterm exam  30%
Final exam 45%
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Previous Teaching:
This course will be offered for the first time in Spring 2011, using the EEE 49500 Special
Topics number. It will be a recommended elective in both the EEE Plan of Study (within
Multidisciplinary Engineering) and the EEE Minor, so it is expected that the enrollment will
" be 15-20 students in the first offering, and potentially 50 students at steady state as a required
course within the BS EEE curriculum. Dr. Sutherland has offered similar courses at his
previous institution (Michigan Tech).






