Green Engineering Concentration

Course: Materials Life Cycle Analysis
The course focuses on the environmental impact of engineered products and processes and will develop a systemic approach for the design or re-design of these products for improved sustainability. Topics will include materials and product design, materials selection methodologies, principles of green engineering and eco-design, along with Life Cycle Analysis (LCA). Open-ended design problems and case studies will illustrate these concepts. The methods of assessing students include homework, quizzes, and design project presentations and reports.
This curriculum was enhanced by Western New England College through a Clean Energy Workforce Training Capacity Building grant. These grants were intended to prepare the Commonwealth’s training providers to meet the workforce needs of the clean energy sector. This grant program is offered through a partnership between the Executive Office of Energy and Environmental Affairs, the Massachusetts Clean Energy Center and the Executive Office of Labor and Workforce Development. The grant program was administered by Commonwealth Corporation.

WESTERN NEW ENGLAND COLLEGE

School of Engineering

Course Title: Green Engineering: Materials Selection in the Life Cycle Design Process

Course Number: ME412


Section: 00

Semester: Spring 2010

            Dates: 1/18/11 – 5/13/11

Class meeting time: TBA

            Room: TBA
Instructor: Dr. Mary B. Vollaro

Office: S216E

Telephone: (413)782-1490

Office Hours: Mon. Noon-1:00 p.m., Wed. 2:00-3:30p.m.; Thurs. 11:00a.m.- noon and Fri. 11:00a.m.- 12:30 p.m. , or by appointment

E-mail:mvollaro@wnec.edu
Pre-requisite: ME208, ME309

Catalog Description: The course focuses on the environmental impact of engineered products and processes and will develop a systematic approach for the design or re-design of these products for improved sustainability. Topics will include materials and product design, materials selection methodologies, principles of green engineering and eco-design, along with Life Cycle Analysis (LCA). Open-ended design problems and case studies will illustrate these concepts. The methods of assessing students include homework, quizzes, design project presentations and report(s) and a final exam.  3 cr.

Course Description: In today’s workplace, engineers’ must be ever more conscious of the environment when designing a new product, and with the environmental impact and energy consumption associated with the associated manufacturing process.   ‘Green engineering’ or ‘design for sustainability’ are ideas that permeate the development of new products, as well as, improvements to be made to the ‘old’ ones!  The engineers’ constituencies, who are concerned about environmental issues, include team members both within their own company and at vendors, government regulatory agencies, as well as, the paying customers and the public. Since products are made of ‘material’, engineers must possess knowledge of these important eco-friendly materials and be aware of the vast choices available in the marketplace today. The ability to interpret customer’s needs and design a product, which will ultimately make the company money, often hinges on the ability of the engineer to interpret the design requirements and select the material(s) with the appropriate properties and corresponding  processing technique. The systematic approach developed in this course aims to define the engineering problem in terms of the mechanical and physical properties, including those eco-friendly properties associated with the carbon footprint of  material and/or process. It is  necessary for the engineer to meet the need and/or design requirements and then search the ‘Materials Universe” for possible solutions. Optimization based on the interrelationship between the properties and processing will also play an important role in our selection the ‘best’ material(s). 

This course will present technical information to compliment the engineer technical repertoire and provide basic information in mechanical and physical properties and in various areas of manufacturing process technology.  The approach is based on evaluating open-ended design problems with respect to the interrelationship between material, shape, function and eco-friendly processes used to produce a variety of products. Instruction in using the CES 2010 EDUPack materials selection software and it will be integrated into our classes, homework and case studies. The software and background behind the development of this specialized software will complement our design skills and approach to the ‘formal’ design process, itself. Topics, which will be based in eco-friendly design principles and standards, will be covered in this course. More specific topics included are: mechanical and physical properties, classes of materials, manufacturing processes, development of the performance index and data checking and estimation. The course will be presented as a combination of class lectures, group discussions, hands-on computer sessions, example case studies and presentation of student case studies. During the semester, students will be required to do two case studies, which will include a written paper and oral (in-class) presentation. Other assessment will be class participation and quizzes as outlined in this document.  The students completing this course will have useful solutions to standard ‘sustainability’ issues and problems in industry and a working knowledge of the materials selection software.

Required materials: Text – Ashby, Michael F., Materials and the Environment: Eco-Informed Material Choice,  Elsevier Butterworth Heinemann © 2009 ;

Software - CES 2010 EDUPack Materials Selection software; Manhattan Virtual Classroom account for the course; memory stick

Learning Objectives and Assessment: The objective is to develop knowledge and skills to select materials based on their use and the consequences of their use. Successful students will be provided with perspective, background, methods, and data to be able to analyze the central issues of environmental concerns and make their own professional judgments in meeting the need of an engineering problem and its design requirements as defined by the consumer and/or industry.   

Students will explore the following ideas in eco-informed engineering design:

1) sensible translation of the design requirements into material constrains and design objectives

2) ‘good judgment’ in the positioning of selection lines on the materials selection charts,

3) the principles of Life Cycle Analysis (LCA) and, 

4) reflect on the environmental  implications of the material(s) selected for the ‘product’.

Students will learn to use the following tools in the CES EDUPack 2010 materials selection software:

1) general requirements of the selection systems,

2) devising concepts,

3) use of material selection charts,

4) translation: constraints and objective,

5) deriving and using material indices,

6) selecting processes,

7) multiple constraints and objectives,

8) selecting material and shape, 

9) eco-informed design methodology and choices and

10) hybrid materials. 

The knowledge of the vocabulary or terminology, basic process parameters and unique characteristics associated with each process is required.  The methods of assessment and their weight percent of the total grade are summarized below.

Grade Summary
% of total grade
Homework

20

Quizzes 

20

Paper / presentation (#1 at 20% and #2 at 30%)

50

Class participation, attendance, etc.

10


-------------------



100%

Course Requirements:

Homework  -  Homework is assigned and compiled in a portfolio.  It is primarily the responsibility of the student. The minimum assignment will be reading and taking lecture notes.  Reading assignments from the text will be given during each class and are to be completed by the following class.  On the ‘due date’, the instructor will check off the homework for credit.   Students should ‘self-assess’ their own homework, i.e., review their homework for understanding and completeness, and actively participate in the class discussion pertaining to the homework assignment.  Due to the ‘hands-on’ and open-endedness of the problems, the homework will be reviewed and integrated into the class lecture and discussion. Manhattan is open for homework discussion, guidance, and questions. Ideally, students will become a valuable resource for one another as the semester progresses. All written work (i.e., short answers, etc.) must be comprised of complete sentences and proper grammar for full benefit in student learning.

Quizzes (20% total ) – Administered weekly to verify student’s basic knowledge of the concepts, software, eco-informed design principles and mastery of such topics. 

Project and Presentation  (20%for first project; 30% for second project: 50% of total grade) – Two projects will be done during the semester, the first on a topic or application selected by the instructor and the second is the student’s choice. In general, a brief statement of the project, a detailed outline and a final paper are required.  The paper is to be of the appropriate length to clearly explore the options in material selection plus figures and materials selection charts, and submitted in professional form, i.e., typed test and clear figures.  A presentation on the selected topic is also required and must be prepared in professional manner.  Additional details will be discussed in class.

Class participation, attendance, etc. ( 10% of the total grade)

Grading – Letter grades are converted to the average of the range, i.e., A- = 91.


Letter Grade

% of total grade

A

>93


A-

90-92


B+

89-87



B

86-83


B-

82-80

C+

79-77


C

76- 73


C-

72-70


D+

69-65


D

64-60


F

<60

Exam Policy: A student missing a exam will be given the opportunity to make up the exam only if he/she presents satisfactory evidence that his/her absence was unavoidable.  It is the obligation of the student to notify the instructor prior to the exam or within twenty-four hours of the time of absence, at which time, arrangements will be made for a make-up exam.

Attendance Policy: College policy is that all students are expected to attend all class sessions for courses in which they are enrolled.  Students are to attend all activities as no make-ups are scheduled.

Mid-term Grades: Instructors are required to submit to the registrar mid-term grades.  It is crucial that midterm grades report the instructor’s actual evaluation of the student’s progress.  Work accomplished by mid-term grade time line will be used to indicate course progress.

Integrity of Scholarship (from the college catalog): “ Honesty in all academic work is expected of every student.  This means giving one’s own answers in all class work, quizzes, and examinations without help from any source not approved by the instructor.  Written material is to be the student’s original composition.  Appropriate credit must be given for outside sources from which ideas, language, or quotations are derived.” 

Other information: (1.) Changes in syllabus and assignment sheets may be modified as deemed appropriate.  All changes will be announced in class. 

(2.) Due date policy and late penalty policy are stated in the appropriate sections.

(3.) Students will complete and submit course evaluation forms during the last week of regular classes.  Evaluation forms will be distributed, collected, and returned by a student to the office of the School of Engineering.

Student Disability Services: The School of Engineering complies with the American Disabilities Act in making reasonable accommodations for qualified students with disabilities.  Students with special needs should make arrangements with the instructor to request accommodations.
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Week
Date
Topic of the Week


1


Introduction





Design Philosophy & Material Properties 





Material Dependence

---------------------------------------------------------------------------------------------------------------------------------


2



Introduction to CES 2010 Materials Selection Software: 






Material Universe, Processing Universe, and Eco-informed Design Data and Resources

---------------------------------------------------------------------------------------------------------------------------------


3

Resource consumption and its drivers

---------------------------------------------------------------------------------------------------------------------------------


4
 

The materials life cycle




Fundamentals of Life Cycle Analysis

---------------------------------------------------------------------------------------------------------------------------------


5


End of First Life: a problem or a resource? 

---------------------------------------------------------------------------------------------------------------------------------


6


 The long reach of legislation
---------------------------------------------------------------------------------------------------------------------------------


7




Presentation and Discussion of First Case Studies


-------------------------------------------------------------------------------------------------------------------------------

8

Ecodata: Values, sources, precision




---------------------------------------------------------------------------------------------------------------------------------


00


SPRING BREAK!!


---------------------------------------------------------------------------------------------------------------------------------


9

Eco-audits and eco-audit tools


---------------------------------------------------------------------------------------------------------------------------------


10


Selection Strategies 





Example Case Studies



-------------------------------------------------------------------------------------------------------------------------------


11

Eco-informed materials selection  



---------------------------------------------------------------------------------------------------------------------------------

    12




 Sustainability: living on renewables

Industrial design: why do consumers buy products ? 



---------------------------------------------------------------------------------------------------------------------------------

    13




The bigger picture: Future options 

---------------------------------------------------------------------------------------------------------------------------------

14   & 15                   

Course Overview

Presentation and Discussion of Second Case Studies
