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Overview

Timeline

Project Start Date: 09/01/2008
Project End Date: 07/31/2011
Percent Complete: 25%

Budget
* Total Project Funding $482,244

— DOE $375,000
— MTU $107,244

Funding Received FY08 $166,208
Funding for FY09 $152,000

Education Barriers Addressed

Lack of information (A)

 Mixed messages (B)
e Disconnect between information and
dissemination (C)

Partners

Michigan Technological University

* Chemical Eng., Mechanical Eng.,
Electrical Eng., Social Sciences,
Keweenaw Research Center

Collaboration with Other National
Institutions
DOE Field Office & Headquarters



Broad Objectives of this Project

Task 1.0 Develop and/or Refine Courses in
Hydrogen Technology

Task 2.0 Develop Curriculum Programs in
Hydrogen Technology

Task 3.0 Develop Modules for Core and
Elective Engineering Courses

Task 4.0 Develop Modules to Supplement
Commonly Used Chemical Engineering Texts

Task 5.0 Project Management and Reporting



Relevance to DOE Hydrogen
Program: Education Objectives

* Expand existing university programs in fuel cell
and hydrogen technologies

— How: Develop new courses and content (Tasks 1,
3,4)

— How: Develop hydrogen and fuel cell student
projects (Task 2)
— How: Disseminate to other academic institutions
(Task 5)
* Goal: Produce graduates for careers in
research, development, and demonstration



Year 1 (FY09) Objectives

Subtask 1.1 Develop Fundamentals of Hydrogen as an
Energy Carrier Course

Subtask 1.2 Develop Hydrogen Measurements
Laboratory

Subtask 1.3 Refine Existing Fuel Cell Courses
Subtask 2.1 Develop Minor in Hydrogen Technology

Subtask 3.1 Develop Modules for Chemical
Engineering Courses

Subtask 4.1 Develop Modules to Supplement
Introductory Chemical Engineering Text



Milestones for FYO8/FY09

Month/Yr | Milestone

Sept. 08 |Students in Alternative Fuels Group
Enterprise work on hydrogen projects

Sept. 08 |Begin development of modules for chemical
engineering courses

Jan. 09 Students in Alternative Fuels Group
Enterprise work on hydrogen projects

Jan. 09 Submit proposal for undergraduate minor

Jan. 09 Begin national testing of existing chemical

engineering modules




Milestones for FYO8/FY09

Month/Yr | Milestone

Jan. 09 Begin development of modules for Felder &
Rousseau text

May 09 Begin development of modules for electrical
and mechanical engineering courses

May 09 Begin development of new course material

July 09 Refine existing hydrogen courses




Approach: Project

Unique Curriculum Development o @ @

Module and Supplement Testing

Michigan Technological University

Hydrogen Courses & Curriculum fe

Modules &
Text Supplements @



Approach: Broad Impacts

National Dissemination

Michigan Technological University

Michigamiech

Hydrogen Courses & Curriculum e

Modules &
Text Supplements @



Technical Accomplishments & Progress:
June 08 — May 09

Task 1.0 Develop and/or Refine Courses in
Hydrogen Technology

 Two new courses proposed and approved:
— Fundamentals of Hydrogen as an Energy Carrier (Fall 2009)
— Hydrogen Measurements Laboratory (Spring 2010)

* Two existing fuel cell courses will also be taught (Fall
2009) adding hydrogen economy case studies

 Barriers Addressed: ABC

 Relevance: Provide accurate technical information on
hydrogen and fuel cells to students



Technical Accomplishments & Progress:
June 08 — May 09

Task 2.0 Develop Curriculum Programs in
Hydrogen Technology

* Integration of hydrogen projects into Alternative
Fuels Group project work courses

— Hands-on project to integrate fuel cells into electric vehicle

— Paper project to design hydrogen economy at local and
regional level

 Hydrogen Technology Minor proposal under review
* Barriers Addressed: ABC

* Relevance: Provide hydrogen / fuel cell experience



Technical Accomplishments & Progress:

June 08 — May 09
Task 3.0 Develop Modules for Core and Elective
Engineering Courses

* |ntegration of hydrogen / fuel cell technology into
core chemical engineering undergraduate courses

— Stand-alone “module” format includes problem
motivation, background, example problem statement and
solution, and homework problem

— Homework solution separate

* Barriers Addressed: ABC
* Relevance: Ease of use by faculty at other institutions



Technical Accomplishments & Progress:
June 08 — May 09: Curriculum Website

%3 Fuel Cell Curriculum Project: Chemical Engineering - Mozilla Firefox
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The Fuel Cell Curriculum Project Website

@CACHE

About This Chemical Engineering Mechanical Engineering Electrical Engineering Project
Project Courses Courses Courses Sponsors

Welcome to the Fusl Cell Curriculum Project Website. The goal of this project is to develop modules that bring fuel cell technology into the traditional chemical engineering
undergraduate curticulum. The site allows faculty members around the world to have easy access to these modules.

The following table lists chemical engineering courses and the related modules. Each module containg a brief background or motivation, an example problem with a solution, and a
homewior problem. For access to the homework problem solutions, please contact Jason Keith by email at jmkeith at miu dot edu.

Introductory Material
Module 0 Overview of Hydrogen Energy and Fuel Cells

Material and Energy Balances (Stoichiometry)
Module 1. Heat of Formation for Fuel Cell Applications
Wodule 2 Material Balances in a Solid Oxide Fuel Cell
Module 3: Energy Generation in a Solid Oxdde Fuel Cell
MWodule 4 Generation of Electricity Using Recovered Hydrogen

Thermodynamics
Module 5. Equation of State for Hydrogen Fusl
Module 6: Equilibrium Coefficient and Wan't Hoff Equation for Fuel Cell Efficiency
Module 7 Fuel Cell Efficiency
Module 8: Vapor Pressure f Humidity for Fuel Cell Gases
Module 3: Nernst Equation

Fluid Mechanics 2
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74 start



Technical Accomplishments & Progress:
June 08 — May 09: Sample Module

FACHE Modules on Enerzy in the Curriculum

Fuel Cellz
Module 5 (Final Draft): Equation of State for Hydrozen Fusl
Module Author: Jason Es=ith
Author Affilistion: Michiz=n Technoelogical University
Module Secondary Author: Llichze]l Gross
Author Affliston: Enshnsl] University

Course: Thermodynamics

Text Beference: Sandler 2™ ad ), Zacrion £ 4
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electric load. To comvert electron flow {moles of elecirons/s) fo electrical cusrent
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electrons. The primay objective of 2 fosl cellis to deliver ensrgyto the slectdc Joad. To
caleulats the enarey daliveny rate (zlso know s power) one would multiply the current
times the cell valtass: Power = Current - Fol 1age. (Feall the unit conversions
Chulomd Volta Joufeand Jouia' s = k)

Problem Information

Exsmple Problem Statement: A z=s canridss contzins hydrozsn =s 3t soom
temperatureand 500 pe presswe. This cartadss has been proposed as 2 fosl tank fora
o=l cell powarsd laprop computer. Mate that the volume of the cylind=ris 2 L

2 Defermine the numwher of males af hydsozen in the tank nrilizinz the Pega-
Fobinson equstion of si@e and compars this rembt with the ides] z=s law result,
which is 2.78 moles af hydroz=n

b Czlonlafe snd comparethe opedating tioe of 2 lapiop nmpn s on this castridss of
H: usingths Beps-Fobnson equaton of stz 2nd the ides] z=: law The laptop
requires 33 Wofpowsr a1 0T W

Ta solve this problem note that the PepsRobinson sqnation of state is given by
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whats Fis the pressufs, i3 the density, R is the =3 constant, Tis the absalure
teamperatuse andg and b are cosfficien s for fiePeps-Fokinson equation of state. They
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Technical Accomplishments:

June 08 — May 09

Task 4.0 Develop Modules to Supplement
Commonly Used Chemical Engineering Texts

* |ntegration of hydrogen / fuel cell technology into
most relevant undergraduate chemical engineering
courses

— Introductory Chemical Engineering Course: Felder and
Rousseau, Elementary Principles of Chemical Processes

— Progress for Chapters 2-3, >10 problems per chapter
* Barriers Addressed: ABC

* Relevance: Ease of use by faculty at other institutions



Technical Accomplishments:
June 08 — May 09

Task 5.0 Project Management and Reporting

15t quarterly report submitted Jan. 2009
2"d quarterly report to be submitted Apr. 2009

Project dissemination at American Institute of
Chemical Engineers annual meeting Nov. 2008

Project dissemination planned for American Society
for Engineering Education Jun. 2009



Listing of National Collaborators
Module Tests: Chemical Engineering Programs

H. Scott Fogler, University of Michigan

Michael Gross, Bucknell University

Don Chmielewski, Illinois Institute of Technology
Pat Walton, Michigan State University

Adrienne Minerick, Mississippi State University
Don Visco, Tennessee Technological University
David Silverstein, University of Kentucky

Kevin Dahm, Rowan University
Claire Komives, San Jose State University



Future Work: Rest of FY09

* Module development: Mechanical
Engineering and Electrical Engineering courses

* Course development

 Fundamentals of Hydrogen as an Energy
Carrier course

 Fuel Cell courses

* Continue module development for Felder &
Rousseau supplement



Future Work: FY10

Continue student projects in Alternative Fuels
Group Enterprise

Teach Fuel Cell courses
Teach Hydrogen as an Energy Carrier course
Develop / Teach Hydrogen Lab course

Test modules

* Chemical Engineering courses

* Felder & Rousseau supplement

Develop modules for Geankoplis supplement
Submit graduate course proposals



Summary

* This work will help educate students on the
advantages, disadvantages, challenges, and
opportunities of hydrogen and hydrogen fuel cells
within the nation’s energy economy

— Hydrogen Technology Course Development

— Hands-on Project Work Through Alternative Fuels Group
Enterprise

— Modules developed for chemical engineering courses

— Modules developed to supplement introductory chemical
engineering text

— National dissemination : American Institute of Chemical
Engineers and American Society for Engineering Education
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* Thank you for your attention!





