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Greetings, and Happy October!  
 
I am honored to serve as the chair of the Energy 
Conversion and Conservation Division this year. 
For me, October is a month of fall weather, Purdue 
football, and beginning thoughts of the 
approaching holidays. For many in my corner of 
the world, October brings renewed thoughts about 
energy. Recently I have heard people talking about 
the upcoming heating season and whether utility 
bills will be higher or lower than last year. I like to 
listen to these things; it gives me perspective on 
my role as an energy educator, beyond the 
classroom. 
 
We had a wonderful Annual Conference in 
Honolulu this summer; what a beautiful location!! 
Thank you to all the authors, reviewers, 
moderators, and officers for your efforts and 
contributions to the ECC Division’s 2007 
program. Special thanks to Sarma Pisupati, 2007 
Program Chair, for putting together a great 
program – certainly the largest ECCD program 
I’ve seen in my time with the division. Thanks 
also to Craig Somerton for his excellent leadership 
of the division last year. In addition, I would like 
to acknowledge and thank Mathworks, Parametric 
Technology Corporation (PTC), and US Didactic, 
for their continued support through sponsorship of 
ECCD technical sessions. 
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My personal focus in the field of energy education 
is public education. During the past few years, I 
have delivered energy workshops and presentations 
for many different audiences, of all ages and 
backgrounds. In addition, I spend a lot of time 
talking to the people in my everyday life about 
energy, and asking lots of questions about what they 
believe, what they hear, and what concerns they 
have. I am alarmed by the general lack of 
understanding of energy topics and issues, and by 
the abundance of misinformation. We need new 
energy solutions, but how will people accept and 
support emerging energy technologies if they don’t 
understand what we use now? I do not claim to 
know everything there is to know about energy, but 
I can help others have a better understanding of the 
energy messages they encounter. Not only that, but 
I also feel some level of social responsibility to help 
consumers understand energy technology. To me, 
an energy education strategy without a community 
focus is inconsistent with the altruistic goal of 
global sustainability. 
 
Energy solutions of the future will require energy-
literate consumers. We, as energy educators, have 
our work cut out for us. I challenge you to consider 
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Session 1133: Novel Applications of 
Computers/Software in Energy Education 
 
INTERACTIVE COMPUTER PROGRAM FOR 
TRANSIENT CONDUCTIVE HEAT 
TRANSFER CONCEPTS 
Robert McMasters, Michael Sexton, Virginia 
Military Institute; Craig Somerton, Andre 
Benard, Norbert Mueller, Michigan State 
University 

An interactive computer based learning tool for 
undergraduate students enrolled in Heat Transfer 
courses has been significantly expanded. A previous 
version of the program provided graphical depictions of 
two-dimensional steady state conduction solutions for 
cases where temperature boundary conditions were 
prescribed. The present research expands the features of 
the program to include prescribed heat flux boundary 
conditions as well as convective boundary conditions. 
Moreover, the expanded program also handles transient 
cases so that students can watch temperature changes in 

public energy education an important part of your 
role as an energy educator, in whatever way makes 
sense for you. Some of my favorite public 
education topics are: electricity generation from 
fossil fuels versus renewable sources such as solar 
and wind, home/vehicle energy efficiency and 
conservation attitudes, compact fluorescent light 
bulbs and mercury cleanup/disposal issues, hybrid 

Note from the Chair electric vehicles and battery life, hydrogen as an 
energy carrier and methods to extract hydrogen 
from its many sources, biomass and biofuels, 
and, of course, greenhouse gases and global 
warming. Together, we can advance the state of 
energy literacy and pave the way for our energy 
future. 
  
Heather Cooper 

2007-08 ECCD Chair 

 
 
 
 

Cont’d from Page 1 

Summaries of the ECCD Papers presented at the 2008 Annual Meeting, 
Honolulu, Hawaii 

A quick note from the Editor 
 
I am honored to serve as the new 2007-2008 Newsletter Editor for the Energy Conversion and Conservation
Division. I have Bachelor’s degrees in Physics and Electrical Engineering from Romania and a Ph.D. in
Electrical and Computer Engineering from The University of Western Ontario, Canada. I am interested in the
new developments, challenges and opportunities we face in the energy field and education related issues.  
 
PLEASE CONSIDER CONTRIBUTING TO THE FUTURE NEWSLETTERS WITH ARTICLES,
NOTES, NEWS, AND ANYTHING THAT CAN BE OF INTEREST TO OUR DISTINGUISHED
DIVISION MEMBERS.  
You can contact me at:  
adrian.ieta@ieee.org; tel: 270-809-4917 (office). 
 
Adrian Ieta 
2007-08 Editor 
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a material on a real-time basis. The addition of these 
boundary conditions also now allows one 
dimensional problems to be solved by specifying a 
zero heat flux condition on opposing sides of the 
body.  
The solutions for the original version of the program 
were generated using a code developed for Sandia 
National Laboratory which was DOS based. The 
revised program has replaced this computational 
kernel with a numerical solution which is 
programmed as part of the native Visual Basic code. 
This feature allows the program to run more 
seamlessly, without the need for a black DOS 
window to appear on the screen. 
The interface between the student and the kernel 
program allows visualization of the temperature field 
generated in the two-dimensional body. The program 
is used by students on an individual basis as a 
supplement to their usual textbook, homework and 
class involvement.  
Input from the students is prompted via text boxes in 
a Windows based program. Coincident with the 
expanded features of the program is a need for 
considerably more input on the part of the students. 
The six input items required by the user in the 
previous program version have been expanded to 17, 
with a corresponding number of input boxes provided 
for that purpose. Additionally, there are two 
“calculate” buttons which start the program running, 
one for steady state problems and one for transient 
problems.  
Students enrolled in the Heat Transfer courses at two 
separate institutions are given instruction sheets for 
operating the program, including prescribed 
temperature values for the boundaries. They are then 
asked to provide a written response to questions, 
requiring them to explain where the heat flux is the 
largest and the smallest in the body. An evaluation of 
the program by the students is included in the study 
as a means of determining the effectiveness of the 
program. Since the learning atmosphere in each of 
the two schools included in this study is very 
different, the reaction from the students at each of 
these schools is of special interest. 
 
 
A MATHCAD APPLICATION FOR TEACHING 
ENERGY ECONOMICS AND EFFICIENCY IN 
UNDERGRADUATE ELECTRIC MACHINES 
COURSES 
Carl Spezia, Southern Illinois University-
Carbondale 
A novel use of Mathcad designed for undergraduate 
electric machines courses bridges existing knowledge 
and skill gaps in the study of engineering economics 
and energy efficiency. Combining economics, 

efficiency and machine theory with detailed computer-
based examples prepares students for employment 
where these principles must be applied to make design 
decisions. Mathcad supports custom designed 
documents called electronic handbooks that explain 
complex topics and provide reusable computational 
templates. This work uses Mathcad electronic 
handbook tutorial format to present economic and 
machine theory for finding the lifecycle costs of 
induction motors driving general industrial loads. The 
developed material provides the basis for a design 
project that includes technical and economic aspects. 
 
 
INTEGRATING WIND AND SOLAR ELECTRIC 
ENERGY INTO POWER SYSTEM TEACHING 
Kala Meah, Steven Fletcher, Sadrul Ula, Steven 
Barrett, University of Wyoming 
The global community as well as the USA is 
encouraging renewable electric energy production to 
reduce pollution from the burning of fossil fuels. The 
main renewable resources for electricity generation are 
conventional hydro, biomass, geothermal, wind, and 
solar systems. Wind and solar power are two available 
renewable resources worldwide and many power plants 
based on photovoltaic and wind turbine technology 
have already been connected to the grid. More 
hotovoltaic (PV) and wind turbine (WT) facilities are 
coming on-line every year. Incorporating wind and 
solar electrical energy into power system teaching will 
enhance the student’s learning about renewable 
resources. This paper describes the modeling and the 
simulation of grid-connected PV and WT systems. The 
PowerWorld simulator and MATLAB/SIMULINK 
(registered trademark of the MathWorks Inc.) are used 
to conduct simulation, respectively. The PowerWorld 
simulator is mainly used for load flow analysis, and 
SIMULINK® is able to model, simulate, and analyze 
the dynamic and the non-linear systems. Two different 
scenarios are simulated in this paper: 1) PV with grid 
connection, 2) WT with grid connection. For the first 
scenario, grid-connected experimental PV analysis is 
compared using the PowerWorld simulation, and for the 
second scenario, the steady state and transient 
(transmission line faults) behaviors of WT are 
simulated and effects are analyzed using 
MATLAB/SIMULINK. This paper also presents a 
financial evaluation for the grid-connected PV and WT 
systems. This integrated simulation and economic study 
will help to enrich power system teaching, and the 
student will have a better understanding of the 
distributed power generation. 
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PSCAD SIMULATION IN A POWER 
ELECTRONICS APPLICATION COURSE 
Liping Guo, Recayi "Reg" Pecen, University of 
Northern Iowa 
This paper introduces computer simulation studies of 
basic power electronics circuits using a Power 
System Computer Aided Design (PSCAD) software 
package in a junior/senior level power electronics 
course in a four-year electrical engineering 
technology institution. The Power Electronics 
Applications course mainly covers the following 
topics: Operation and characteristics of switching 
devices, rectifiers, dc-dc converter and inverters. 
Simulation of the power electronics circuits provides 
students an opportunity to observe the circuit 
parameters and signal waveforms before actual 
circuit wiring is completed. Case studies include a 
half-wave input-output rectifier, a buck converter and 
a full-bridge inverter. 
 
 
Session 1333: Experiences in Teaching Energy 
Courses 
 
LESSONS LEARNED USING ELECTRONIC 
RESPONDERS IN A POWER AND CONTROLS 
COURSE 
Timothy Skvarenina, Purdue University 
The use of electronic response pads in class has 
become somewhat popular over the past several 
years, both in K-12 as well as in higher education. 
Electronic response pads are tv-remote sized devices 
that allow students to enter answers to questions 
posed by the instructor. The author used one such 
system, the Classroom Performance System (CPS) by 
eInstruction, during the fall 2005 and fall 2006 
semesters in a required, sophomore-level course on 
electric power and controls. The CPS response pads 
were used for attendance, some quizzes, review 
questions, surveys, and example problems during the 
course. Student opinion of the system during the first 
offering was quite poor; however, the students in the 
second offering had a better opinion regarding the 
CPS usage. This paper describes how the units can be 
used in class and some of the lessons learned from 
the use of the CPS units. 
 
EXPERIENCES AND TEACHING TOOLS IN 
ALTERNATIVE ENERGY EDUCATION 
Slobodan Petrovic, Lakshmi Munukutla, John 
Robertson, Arizona State University 
Alternative Energy programs are emerging as a result 
of the growing need to develop the economy of the 
future that will rely not only on fossil fuels, but also 

on renewable and clean energy sources. The new 
generation of engineers that will support this shift in the 
energy production must develop truly multidisciplinary 
skills and be able to respond efficiently to various 
aspects of the alternative energy technology. “Fuel 
Cells for Portable Electronics” is a new course thought 
as a part of the alternative energy curriculum. The 
initial experience in teaching this course is presented in 
this paper. It underscores potential challenges because 
of the fact that engineering students join the graduate 
program in alternative energy from a variety of 
engineering backgrounds and with inconsistent 
knowledge of basic chemistry. The paper reports 
differences in student abilities to understand the 
fundamental electrochemistry concepts absolutely 
crucial for the subsequent introduction of more 
complex and practical fuel cell design and evaluation 
methods. A cursory comparison of test results revealed 
clear dependence on the student demographics. A 
qualitative conclusion was drawn recommending proper 
monitoring, exchange of experiences, and possible 
modification of prerequisites. Furthermore, a simple 
mnemonic tool was presented as an effective method to 
teach electrochemistry to engineering students. 
 
 
SHIP-TO-SHORE COLLABORATIONS: 
INTEGRATINGRESEARCH OF SHIPBOARD 
POWER SYSTEMS INTO TODAY’S POWER 
ENGINEERING RESEARCH ACTIVITIES 
Noel Schulz, Herbert Ginn, Stanislaw Grzybowski, 
Anurag Srivastava, Jimena Bastos, Mississippi State 
University 
Electric power programs within Electrical and 
Computer Engineering departments at universities have 
traditionally relied on interactions with electric utilities 
and manufacturers as its customer base for both 
students and research activities. With deregulation and 
changes within the electric utility business, research 
funds and projects with these organizations has been 
limited. In the last five to ten years, the Office of Naval 
Research has provided millions of research dollars to 
universities to study many power system, power 
electronic and high voltage engineering challenges 
related to shipboard power systems. This research 
supports the future all-electric ship program that 
provides a platform for increased control and utilization 
of electric power systems to improve ship features of 
reconfiguration and survivability. While shipboard 
power systems and utility systems have different 
constraints, there are areas of overlap where research 
activities can benefit both platforms. This paper 
discusses the opportunities for combining shipboard 
power system and electric utility power system research 
activities for the benefit of both systems. It discusses 
the major differences and similarities in technical 
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challenges and how collaborative research involving 
both types of systems is improving the state-of-the-
art in electric power research. Several examples of 
cross-over research will be discussed. 
 
 
BUILDING AS A POWER PLANT: MODELING 
AND SELECTION OF A COMBINED HEAT 
AND POWER SYSTEM FOR AN ADVANCED 
COMMERCIAL BUILDING 
Brendan Egan, Stephen Dechant, Christopher 
Damm, Milwaukee School of Engineering 
In this Mechanical Engineering senior project, 
combined heat and power (CHP) systems were 
evaluated based on their effectiveness in supplying 
the energy requirements of a planned building on the 
Carnegie Mellon University campus. Initial 
feasibility studies found that three system types could 
potentially meet the energy needs of the building in a 
cost-effective manner: a diesel engine-generator 
system with heat recovery exchangers, a gas 
microturbine with an exhaust gas boiler, and a high 
temperature fuel cell with heat recovery exchangers. 
Using engineering equation solver (EES) software, 
the thermodynamics of each system was modeled to 
assess its useful thermal output for different system 
sizes. The thermodynamic analysis determined the 
necessary system size needed to meet the predicted 
maximum thermal load of the building. The required 
system sizes are (reported as maximum electrical 
power output): two 115 kW diesel engine-generator 
sets, a 250 kW microturbine, or two 250 kW high 
temperature fuel cells. 
After sizing the systems, a cash flow analysis model 
was constructed to evaluate each system under 
varying assumptions regarding utility rates, fuel 
costs, and renewable energy incentive programs. 
Systems utilizing commonly used fuels (natural gas 
and diesel fuel), as well as biofuels (biogas and 
biodiesel) were considered in the analysis. Potential 
systems were also compared to a traditional system 
comprised of a natural gas fueled HVAC system with 
building electrical energy needs being supplied by the 
local utility. The economic model incorporates 
realistic system and fuel pricing from quotes received 
from system manufacturers and distributors. The 
economic model uses operating parameters for each 
system, along with three different utility rate 
structures, and calculates the internal rate of return 
assuming a 20 year system life. Based on the results 
obtained from the economic analysis, a natural gas 
fueled microturbine and diesel fueled engine-
generator set are best choices for the combined heat 
and power system. They offer comparable rates of 
return in each scenario, and are unaffected by the 
unpredictability of renewable energy buyback 

incentives. The microturbine offers more adaptability 
while the diesel engine-generator offers a lower capital 
investment. 
 
 
BRINGING POWER BACK TO THE POWER 
INDUSTRY THROUGH INDUSTRY-ACADEMIA 
PARTNERSHIP 
Ilya Grinberg, Buffalo State College; Mohammed 
Safiuddin, University at Buffalo, SUNY 
Within the last months of 2006, two reports have been 
issued – one by the US Department of Energy (DOE), 
the other by the North American Electric Reliability 
Council (NERC) that warn about potential reliability 
problems of the North American electric power grid. 
For the first time, these reports address critical 
interrelations between reliability of the power grid and 
the engineering and technical expertise of the power 
industry workforce1, 2. It is clear that not only the 
physical infrastructure of the power grid is aging but so 
is its workforce. Lack of adequate supply of its 
replacement requires coordinated effort by both, the 
power industry and the academia to address this dual 
edged problem. This paper concentrates on some of the 
steps that are being taken in Western New York. 
Although it does not address long-term strategic issues, 
we feel that even small steps in the right direction could 
help solve both immediate and long-term needs of the 
industrial and academic sides of power industry. 
 
 
Session 2133: Developments in the Energy 
Laboratories 
 
LABORATORY PRACTICUM IN COMBUSTION 
David Blekhman, Grand Valley State University 
The textbooks on combustion identify advanced 
undergraduate or graduate students as their target 
audience due to the high complexity of the course 
material. In most of the engineering programs the 
combustion course is a rare offering—a laboratory 
practicum is even less common with few experiments 
performed if present. Developing a laboratory 
component for a combustion course presents a 
challenging task where the theory quickly becomes 
intricate and the equipment expensive. In addition, the 
literature about Combustion laboratory practicum is 
scarce. “The Institution” School of Engineering 
emphasizes the importance of offering engineering 
courses with laboratory exercises as a tool for helping 
students to connect theory and practice. The purpose of 
this paper is to share our experiences of offering a 
laboratory-based Combustion course and to encourage a 
discussion among instructors on this topic. The 
experiments discussed in the paper are 



ECCD Newsletter           Fall 2007                      Page 6 
• Calorimetry, based on a comparison of petro- and 
biodiesel. 
• Internal combustion engine performance, based on 
small- and large-engine test cells. 
• Exhaust analysis, which compares engines with and 
without catalytic after treatment. 
• Laminar and diffusion flames, flame speed of 
laminar stoichiometric flames, liftoff, blow-out, 
diffusion flame length, all based on a propane-fueled 
Bunsen burner. 
• Droplet evaporation, based on a comparison of 
evaporative rates of petro- and biodiesel. 
• Proximate analysis of coal, based on western and 
eastern coals. 
At the end of the Combustion course, students 
provided their feedback on how well each experiment 
related to the course material. Their responses were 
influenced by the availability and quality of the 
manuals, the difficulty of data reduction and the level 
of participation in the experiment. 
 
 
LABORATORY-SCALE STEAM POWER 
PLANT STUDY — RANKINE CYCLER™ 
COMPREHENSIVE EXPERIMENTAL 
ANALYSIS 
Andrew Gerhart, Lawrence Technological 
University; Philip Gerhart, University of 
Evansville 
The Rankine Cycler™ steam turbine system, 
produced by Turbine Technologies, Ltd., is a 
tabletop-sized working model of a fossil-fueled steam 
power plant. It is a tool for hands-on teaching of 
fundamentals of thermodynamics, fluid mechanics, 
heat transfer, and instrumentation systems in an 
undergraduate laboratory. 
Inevitably, when a power generation plant is scaled-
down and it has few efficiency-enhancing 
components (e.g., feedwater heaters), energy losses 
in components will be magnified, substantially 
lowering the cycle efficiency from values presented 
in textbooks and realized in real world power plants. 
Therefore, faculty and students at two different 
universities undertook a study of the Rankine Cycler 
to determine its effectiveness as a pedagogical tool 
and to characterize the device with a comprehensive 
experimental analysis. This analysis can be useful to 
faculty and students who use the equipment and can 
also be useful to potential customers of Turbine 
Technologies. 
This is the authors’ third and final paper about the 
Rankine Cycler, continuing the work started in 2004-
05. In the first paper two important objectives were 
met. First, to determine the effectiveness of the 
Rankine Cycler as a learning tool, an indirect 
assessment was performed (i.e., a measure of student 

opinion). The results were positive. Second, a 
parametric study of the effects of component losses on 
Rankine Cycler thermal efficiency was performed. The 
results showed that the range of component losses used 
in the parametric study accurately reflect experimental 
thermal efficiencies for the device, and pointed to 
future experimental work. 
In the second paper, two further objectives were met. 
First, assessment of the RC’s effectiveness as a learning 
tool was continued. The indirect assessment was 
extended through more student surveys, and a more 
direct assessment was performed based on graded 
student reports and exams. Assessment results were 
positive and pointed toward how the equipment can be 
used in the best possible manner in the undergraduate 
curriculum. Second, experimental work performed to 
characterize the Rankine Cycler was reported. Multiple 
steady state runs were performed to seek the optimum 
operating point and methods for measuring steam flow 
more accurately were proposed. 
For this paper, significant experimental work was 
concluded to further characterize the Rankine Cycler. 
First, more steady state runs were performed at higher 
voltages than previous tests to determine an optimum 
operating point. Second, a method for accurate steam 
flow measurement was developed. Third, the fuel (LP) 
flow calibration was verified. Fourth, the turbine and 
generator were studied to discover discrepancies in 
power output. Finally, boiler efficiency is discussed 
along with some recommendations. 
 
 
 
RE-WIRING A POWER/MOTORS 
LABORATORY FOR IMPROVED STUDENT 
SAFETY 
Thomas Brelage, Timothy Skvarenina, William 
DeWitt, Thomas Robertson, Athula Kulatunga, 
Purdue University 
For over 40 years, the Purdue University EET program 
has included a required course that, at various times, 
has covered transformers, motors, basic power system 
calculations, relay controls, and PLCs. In the 
laboratory, we have used Hampden equipment with 
banana-plug patch cords. Since the lab equipment was 
installed in 1985, one student was shocked (back in 
1989) and on a number of occasions, hot leads have 
been removed by students, accidentally or deliberately 
without thought, which resulted in contact with 
grounded cabinets. Thus, for a number of years, our 
laboratory safety committee has asked the power 
instructors to come up with a safer means of connecting 
the experiments. After a couple false-starts, we finally 
arrived at a safer method of connecting equipment, 
although it required replacing every socket on every 
piece of equipment in the lab. This paper will describe 
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the pitfalls that were encountered and the final results 
of the renovation in the hope that others can avoid 
some of the difficulties we encountered. 
 
 
BUILDING A MODERN POWER 
ELECTRONICS AND ELECTRIC MACHINES 
LABORATORY 
Ke Chen, Ana Stankovic, Cleveland State 
University 
This paper presents the development of the state of 
the art Power Electronics and Electric Machines 
Laboratory at Cleveland State University. This 
laboratory was designed as a part of newly developed 
power program that consists of three required courses 
in the undergraduate electrical engineering 
curriculum. Typically, Electromechanical Energy 
Conversion is the only one required power course in 
electrical engineering curriculum. To support the 
need of local industry in North East Ohio, two power 
courses, Power Electronics I and Electric Machines 
and Power Electronics Laboratory, have been added 
as required courses to undergraduate electrical 
engineering curriculum. With these changes, a new 
state of the art laboratory was designed and 
implemented, providing students with experiments 
related to all topics covered in two prerequisite 
courses, Electromechanical Energy Conversion and 
Power Electronics I.  
The laboratory experiments represent the unique 
blend of traditional and contemporary approach to 
learning electric machines and power electronics. 
Modular Lab-Volt equipment has been used for 
experiments related to steady state analysis of 
Electric Machines and transformers. In addition, 
modern software and hardware technology 
(DSPACE) has been used for experiments related to 
real time control of different types of electric 
machines. In addition, several experiments related to 
power-pole approach and average models designed 
for power electronics converters have been adopted 
from the University of Minnesota and incorporated 
into the laboratory course material. 
The new laboratory has been working flawlessly 
since its inception in fall of 2004. This paper 
describes the set of laboratory experiments, 
assessment method as well as the survey from 
students who took the laboratory course. 
 
 
Session 2233: Teaching Emerging Energy 
Technologies 
 
DESIGN OF AN EXPERIMENTAL POWER 
SOURCE USING HYDROGEN FUEL CELLS 

Esther Ososanya, Samuel Lakeou, Abiyu Negede, 
Kidist Negede, Aziz Sirag, Sisay Beru, Azezom 
Meles, University of the District of Columbia 
Proton Exchange Membrane (PEM) fuel cell is a device 
that converts electrochemical energy to electricity at 
high efficiency without combustion. The PEM fuel cell 
consists of an electrolyte membrane sandwiched 
between two electrodes (the anode- negative electrode 
and the cathode- the positive electrode). The electrodes 
are made of porous carbon plates which are laced with a 
catalyst - a substance that accelerates chemical 
reactions. Hydrogen and oxygen are commonly used as 
the fuel and oxidant. At the anode, the hydrogen gas 
combines with the catalyst which causes the hydrogen 
to split into hydrogen ions and electrons. The electrons 
flow through an external circuit from the anode to the 
cathode producing an electrical current. The hydrogen 
ions flow through the membrane, and at the cathode, 
oxygen and hydrogen ions combine to form water, 
which flows out of the cell. The returning used 
electrons at the cathode side are recycled back to the 
anode, generating continuous electricity. Fuel cells can 
provide clean and efficient energy; low temperature 
operation; safe and quiet performance; ease of 
operation and low maintenance. 
In this study an experimental prototype fuel cell system 
is designed for undergraduate studies. In the 
presentation, an overview of fuel cells is provided 
starting with the fundamental principles, the different 
types, the key components, the basics of PEM fuel cell 
operation, the diverse benefits and the considerations of 
various applications. 
 
 
IMPLEMENTING AN INTEGRATED LEARNING 
ENVIRONMENT FOR HYBRID ELECTRIC 
VEHICLE TECHNOLOGY 
Gene Liao, Chih-Ping Yeh, Wayne State University; 
James Sawyer, Macomb Community College 
Given heightened concerns over the environmental and 
limited fossil fuels, a clear trend toward hybrid electric 
vehicles (HEV) is emerging. Hybrid electric vehicles 
are different from traditional automobiles in that an 
HEV utilizes two propulsion systems in its powertrain 
and involves high electrical voltage. Automotive 
engineers and technicians must possess HEV 
specialized knowledge acquired through additional 
training in order to develop and maintain these vehicles. 
This training includes propulsion systems, control 
systems, regulations and safety. Currently automobile 
manufacturers are training their HEV engineers and 
technicians entirely “in-house,” which limits the 
number of engineers and technicians available for the 
growing hybrid market. There is a clear need for a 
systematic training program on HEV. This paper 
describes a funded project whose goal is to fill this need 
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by developing an integrated learning environment for 
HEV technology. This project targets 
engineering/engineering technology students in 4-
year universities, automotive technology students in 
community colleges, automotive engineers and 
technicians in industries, and K-12 technology 
teachers. 
 
 
A DECISION SUPPORT SOFTWARE 
APPLICATION FOR THE DESIGN OF 
HYBRID SOLAR-WIND POWER SYSTEMS AS 
A TEACHING AID 
Radian Belu, Alexandru Catalin Belu, Wayne 
State University; Lucian Cioca, University Lucian 
Blaga, Sibiu, Romania 
The limited reserves of fossil fuels and the growing 
global environmental concerns over their use for the 
generation of electric power have increased the 
interest in the utilization of renewable energy. This 
also raises the needs for engineering and sciences 
programs to provide training in the areas of 
renewable energy technology. New programs, 
courses and support laboratories need to be 
developed and implemented. This paper describes the 
development of a design module that forms part of a 
project-based course in solar-wind energy systems 
taught at one of the author’s former institution during 
the Winter 2006 term. Course materials were 
developed during the summer 2005 and fall 2006. 
This module, which is part of the course-support 
laboratory, consists of a decision support software 
application used in the design of hybrid power 
systems, operating in stand-alone 
or grid-connected modes. This is used as tool in this 
project-based course. Hourly average wind speed and 
solar radiation data from the site for the generating 
unit and the anticipated load data were used to predict 
performances of the generating system. The support 
system consists of hybrid (wind, PV/solar, fuel cells, 
batteries, and diesel-engine generator) power 
generating systems for utilization as stand-alone or 
grid connected systems. The performance evaluation 
is later used in estimating the component sizes 
needed for generating systems to supply loads 
reliable. The decision support was implemented using 
MATLAB/Simulink and IDL software packages. 
Simple numerical algorithms and models were 
developed for the size of generation units and for 
various system components. A simple numerical 
algorithm was also developed for generation unit 
sizing. It was used to determine the optimum 
generation capacity and storage needed foe a stand-
alone or grid-connected, wind, PV, and hybrid 
wind/PV system. The basic objective of this design 
support module is to complement the classroom 

teaching of theory concepts through the use of 
simulation software and to help students in their term 
design project. Although the program is designed 
primarily for educational purpose, it can be used to 
solve practical design problems. 
 
 
APPLICATION OF NANOTECHNOLOGY FOR 
ENERGY CONVERSION AND STORAGE 
Arunachalanad Madakannan, Lakshmi Munukutla, 
Arizona State University 
Arizona State University at the Polytechnic campus has 
recently received funding from the National Science 
Foundation (NSF) under the program called, Advanced 
Technology Education. One of the project goals is to 
develop curriculum in the field of alternative energy 
technologies both for four-year and two-year degree 
seeking students who are pursuing BS and AAS degrees 
respectively. The department of Electronic Systems at 
ASU’s Polytechnic campus is in the process of 
launching a new degree concentration beginning fall 
2007 within the existing TAC of ABET accredited BS 
degree program. This paper focuses on a new 
undergraduate course “Application of Nanotechnology 
for Batteries, Solar, and Fuel Cells”, one of the targeted 
courses that will be developed to highlight the potential 
of nano-materials in the energy area. 
The Electronic Systems Department (ESD) recently 
received approval from the ASU administration to 
implement a new concentration, Alternative Energy 
Technologies both at BS and MS degree levels. The BS 
degree requires a minimum of 21 credit hours of course 
work in the concentration area. The course, Application 
of Nano-technology for Energy Conversion and Storage 
is one of the required courses for this concentration. 
The curriculum structure that is adopted in the ESD for 
course delivery is lecture/lab format to address the 
different learning styles of our students has received 
positive feedback from the students with regard to this 
particular course material delivery. The students in this 
class will be involved in synthesizing carbon nano-
tubes and evaluating them in actual devices in the 
laboratory. This course emphasizes relevance of 
nanomaterial for energy conversion and storage 
applications. The BS degree program is a TAC of 
ABET accredited program and the course outcomes 
align with ABET outcomes.  
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Session 2433: Teaching Courses in Renewable 
Energy Systems 
 
A STUDENT-CENTERED SOLAR 
PHOTOVOLTAIC INSTALLATION PROJECT 
Arthur Haman, Robert Ross, Mark Schumack, 
Will Wittig, David Chew, Krysten Dzwigalski, 
Chris Keimig, Meghann Mouyianis, Tim Rourke, 
University of Detroit Mercy 
In light of the growing recognition that the country 
must accelerate efforts to develop alternatives to oil, 
the U.S. government has offered incentives for 
installation of alternative energy systems. One 
incentive program administered by the State of 
Michigan Energy Office called for organizations to 
install and demonstrate large scale (10 kW or larger) 
solar photovoltaic systems for purposes of public 
education. The College of Engineering & Science at 
the University of Detroit Mercy applied for and was 
awarded such a grant in 2005. The project had two 
objectives: first, to demonstrate that photovoltaic 
solar energy generation can be seamlessly 
incorporated into existing architecture; and second, to 
inform and educate a wide-ranging target audience 
about the technology and issues surrounding 
photovoltaic systems. 
State funds were restricted to equipment, supplies, 
and materials. In order to minimize additional costs, 
the faculty team decided to purchase a PV system 
that required minimal support structure and building 
modification, and to use volunteer faculty and student 
labor to accomplish the installation. In spite of the 
time commitment, the experience provided 
invaluable benefits in terms of student-faculty 
relationships, student learning, and fostering 
interdepartmental collaboration. 
The remainder of the paper describes the system we 
installed, the installation process, student learning 
which took place, and preliminary system 
performance data. 
 
 
DESIGN OF A RENEWABLE ENERGY BASED 
POWER SYSTEM FOR A ZERO-ENERGY 
VISITORS' CENTER 
Samuel Lakeou, Esther Ososanya, Ben Latigo, 
Sisay Beru, Mamadou Keita, Steven 
Omoijunanfo, University of the District of 
Columbia 
The work presents the design and building of a 
hybrid, solar and wind powered system, which will 
provide electricity to a “zero energy visitors’ center” 
(ZEVC). The hybrid energy system and the “Leed”1 
certified visitors’ building will be located on the Van 
Ness campus of the University of the District of 
Columbia. The system is intended to increase the 

viability and deployment of renewable energy 
technologies by way of disseminating in the community 
at large, valuable information on the benefits brought to 
society by renewable energy sources. The proposed 
system will serve as a practical demonstration of the 
operation of a combination of solar and wind energy 
sources. Through the visitors’ center, a variety of 
audiovisual systems will be operated for demonstration 
and educational purposes. The proposed project is 
expected to deliver up to 2,000W (Watts) of electric 
power from an array of photovoltaic (PV) solar 
modules, and up to 900 W of electric power from a 
wind turbine generator, to give a total of 2.90 KW of 
electricity. This hybrid system will power a 600 square-
foot mobile visitors’ center with a self-maintained 
cooling system, and equipped with a big screen 
television, and other small appliances. The electricity 
generated from the hybrid system will also be used to 
light up selected areas of the university’s campus at 
night, to improve students and public safety. In 
addition, the system will power a DC/AC submersible 
pump placed in a large (800 gal.) transparent water 
tank, where the pumped water will be recycled back for 
demonstration purpose. This project will include a two-
axis solar tracking photovoltaic power system for 
maximum conversion efficiency. Under the utility 
power company permit, the wind/solar system can also 
be net metered, so that any surplus energy will be tied 
to the grid. The entire design of the zero energy 
visitors’ center and the hybrid solar/wind system is 
handled by University students from the various 
engineering and applied sciences disciplines. 
 
 
PLANNING A SMALL-SCALE WIND-ELECTRIC 
SYSTEM IN EAST-CENTRAL IOWA 
Michael E. Hay, Recayi "Reg" Pecen, University of 
Northern Iowa 
The success of a wind-electric generating system 
depends on several factors. These would include: the 
available sites, choice of a site from those possibilities, 
well defined goals, efforts to make it work, adequate 
planning, matching the right equipment to each other 
and to the site and its’ own unique characteristics, and 
an execution plan. A project concerning a small-scale 
wind-electric system is no different in those respects. 
This paper describes detailed steps taken in determining 
if a given site is appropriate for further development 
and the subsequent planning of a small-scale wind-
electric system in East-Central Iowa. The wind is 
characterized and quantified. Equipment is described, 
but not analyzed. Electrical demand for the site is 
evaluated. The wind, the equipment and the demand are 
considered together to create a rough plan for a system 
that will satisfy a significant proportion of the sites’ 
total demand. From these pieces, the proportion of each 
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month’s demand is estimated. This work constitutes a 
feasible case study for wind energy resource 
management in four-year institutions. 
 
 
A MICROCONTROLLER-BASED SOLAR 
PANEL TRACKING SYSTEM 
Robert Weissbach, Pennsylvania State University-
Erie; Isaac Aunkst, General Dynamics 
Corporation 
Renewable energy is rapidly gaining importance as 
an energy resource as fossil fuel prices fluctuate. At 
the educational level, it is therefore critical for 
engineering and technology students to have an 
understanding and appreciation of the technologies 
associated with renewable energy. One of the most 
popular renewable energy sources is solar energy. 
This paper describes a capstone design project where 
a student in Electrical Engineering Technology 
designed and built a microcontroller-based solar 
panel tracking system. Solar tracking enables more 
energy to be generated because the solar panel is able 
to maintain a perpendicular profile to the sun’s rays. 
This system builds upon a prior senior design project 
where students built a solar-powered battery charger, 
thus making this system ideally self-contained. The 
student was able to demonstrate a working system, 
thus validating the design. Potential improvements to 
the system are presented. 
 
 
Session 2533: Project-Based Education in Energy 
Conversion 
 
AN INNOVATIVE HYBRID-ELECTRIC 
DRIVETRAIN CONCEPT AND STUDENT 
PROJECT 
Darris White, J. E. McKisson, William Barott, 
Embry-Riddle Aeronautical University 
Over the past three years, Embry Riddle Aeronautical 
University has developed several new engineering 
degree programs including Mechanical Engineering 
and Electrical Engineering. Developing new 
programs allows a university the opportunity to 
address current issues important to society, among 
those, energy independence and environmental 
concerns are pervasive topics that can be directly 
related to the new programs. Through several years 
of progressively complex design projects, the 
Mechanical Engineering, Electrical Engineering and 
Engineering Physics degree programs have 
developed and implemented a capstone senior design 
project related to hybrid electric vehicles. The design 
goal of this project was to analyze, design and build a 
functioning parallel hybrid-electric race car. The car 
will compete against other similar cars at an event 

sponsored by SAE International and IEEE, called the 
SAE Formula Hybrid Competition on May 1st-3rd 
2007. This project was selected as a multi-disciplinary 
project because it has sufficient technical challenges in 
each of the three degree areas. The notion of the 
program as targeting a high performance vehicle design 
(i.e. a race vehicle rather than a passenger vehicle) 
elevated certain elements of the competition. The 
primary challenges presented by this design project are: 
High-Power Electronics (electric motors, actuators), 
Mechanical system design (suspension, chassis, 
drivetrain), Energy storage and management (energy 
storage device and control), Digital control systems, 
Data acquisition, Project management. 
The majority of the student team members are enrolled 
in either the senior design capstone project for their 
respective degree or a newly created minor of study in 
High Performance Vehicles. A significant number of 
volunteers also participated in the program, including a 
number of juniors that are likely to take the project for 
senior design next year. The implementation of a 
complex multi-disciplinary senior project was a 
significant challenge but was a very positive experience 
for the students and faculty and establishes a precedent 
for additional cooperative senior projects. 
 
 
CLASSROOM STUDIES IN POWER FLOW AND 
TRANSMISSION LINES BY MEANS OF 
PSCAD/EMTDC 
Fanourios Chalkiadakis, California State 
Polytechnic University-Pomona 
Classroom studies by means of software tools are a 
major part of the senior-level course requirements of 
any electrical engineering program that offers majors in 
power systems. Student interest and enrollment 
however were in decline in this area until recently, due 
to the limited number of available positions in the 
related industry and the erroneous impression that 
electric power had narrow future for new developments 
compared to the impressive achievements in other 
fields of electrical engineering. This trend is changing 
and it is expected to continue to change for the next five 
to ten years because of anticipated retirements and 
increased demand of electrical engineers in the power 
systems and renewable energy fields. 
The power systems major in the department of 
Electrical and Computer Engineering (ECE) is currently 
under reconstruction as a result of increased student 
enrollment and availability of positions in the local 
power utility industry. Curriculum changes and new 
courses in renewable energy, electric drives, power 
systems protection and a review of the introductory 
course in power engineering are ongoing projects. It is 
anticipated that all these changes and improvements 
will be completed in the near future. 
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This ongoing process requires the utilization of 
software and hardware tools in order to educate the 
students that choose power systems as their area of 
concentration. Hardware is traditionally more 
expensive to acquire because of limited funding 
sources. Software on the other hand allows the 
students to study even at times when the hardware 
laboratory facilities are not operational, since 
computer-based laboratories do not usually require 
constant supervision. In particular, our faculty 
employs software that is used by professionals and 
research centers nationwide, and thus the students are 
given the opportunity to familiarize themselves with 
the operation of tools similar to those that most likely 
they will have to use after they join the workforce. 
Demonstration of advanced concepts during regular 
class lectures in the courses of Introduction to Power 
Engineering (IPE), Power Electronics (PE), and 
Power Systems I and II (PS I/II) is another area 
where software tools are frequently used in the ECE 
program. This tread developed because of the aging 
laboratory equipment, the limited funding for 
extensive hardware upgrades, and the fact that 
students seem to comprehend theory easier by means 
of multimedia tools. 
 
 
PROJECT-BASED PEDAGOGY TO ENHANCE 
TEACHING AND LEARNING IN ENERGY 
AND THE ENVIRONMENT FOR HONORS 
STUDENTS  
Yaw Yeboah, Sarma Pisupati, Pennsylvania State 
University 
The paper presents a project-based teaching 
pedagogy for an honors level freshman course on 
energy and the environment. In addition to class 
lectures and discussions, students select from among 
a menu of energy-related topics for their project. The 
projects cover various aspects of the in-class 
discussions on energy fundamentals, renewable 
energy, fossil fuels, environmental impact, and 
energy policy. Each student prepares a 30 minute 
presentation on their topic to be given in class. The 
key criteria are for the lecture and data presented to 
be substantially different from the in-class lectures, 
up-to-date, and extend beyond the US (i.e., 
internationalized or globalized). Students are 
expected to be the experts on the topic after 
completing and presenting their project. Sample 
student topics include: wind, geothermal, 
hydroelectric, solar, biomass, ocean and tidal energy, 
coal, petroleum, natural gas, oil shale and tar sands, 
electric power, fuel cells, environmental impact of 
energy, energy supply and demand, materials for 
energy applications, and the 2005 US Energy Act. 

The class, over a two year period 2005-2006, has 
shown a remarkable level of growth, excitement and 
interest of students. The presentations followed by 
questions and answers have shown enhanced teaching 
and learning of students. Student evaluations have 
indicated the project to be one of the key aspects of the 
course students liked most. It was concluded that 
project-based pedagogy significantly enhances teaching 
and learning.  
 
 
UNDERGRADUATE SENIOR RESEARCH 
PROJECT TO DEVELOP A COMPUTER-
CONTROLLED POWER SUPPLY FOR LEDS 
Richard Smith, Richard Cockrum, Phyllis Nelson, 
Marvin Abrams, California State Polytechnic 
University - Pomona 
This paper describes an active senior research project 
which is sponsored by the California Energy 
Commission under an Energy Innovation Small Grant 
Program (EISG). The goal of the research project is to 
establish and demonstrate the feasibility of producing a 
computer controlled power supply for large light 
emitting diode (LED) arrays. This is an endeavor to 
reduce energy consumption and costs compared to 
standard devices presently in use. These large arrays 
can consist of several thousand LEDs. The proposed 
investigation is directed at confirming the feasibility of 
designing an advanced computer controlled power 
supply for large parallel arrays of LEDs. It will control 
both the current and voltage being applied to the LED 
array. The investigation will endeavor to optimize the 
light effectivity, power consumption, and cost 
effectiveness for both daytime and nighttime operation. 
 
 
PROJECT-BASED APPROACH TO INTRODUCE 
BUILDING SYSTEM DESIGN IN AN 
ELECTRICAL ENGINEERING CURRICULUM 
Mahmoud Alahmad, University of Nebraska-
Lincoln; Herbert Hess, Brian Johnson, University of 
Idaho 
The current demand for engineers with fundamental 
understanding of systems design in buildings is a 
growing niche in industry. Some universities are 
recognizing this need and are introducing new courses 
and/or new programs to provide students with this 
knowledge. Approximately sixteen universities across 
the USA are offering undergraduate and graduate 
degrees in Architectural Engineering (AE) with 
emphases on the electrical, lighting, acoustical, 
mechanical and structural building system design. In 
the electrical and lighting field, students are designing 
systems with emphases on efficiency, implementation 
of renewable resources and conservation of energy.  
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A basic understanding and an overview of this 
material can be introduced into current electrical 
engineering curriculum courses at the junior level in 
universities without such programs. This introduction 
will serve as means to introduce one such critical and 
practical implementation of the fundamental theory 
covered in the classroom. This approach has been 
implemented in a current junior electrical course at 
the University of Idaho and will be the subject of this 
paper. The practical implementation of fundamental 
engineering theory, the National Electrical Code and 
its application and methods to conserve energy are 
covered in the lectures and are explored by students 
in two separate projects. Student participation, 
learning and engagement in the material have made a 
difference in their approach to electrical machinery, 
power calculations and perspective on their roles as 
future engineers. Work samples from the student’s 
projects will be presented and an assessment and 
observation of these samples and the student 
involvement will be discussed. 
 
 
ENHANCING LIFELONG LEARNING AND 
COMMUNICATION ABILITIES THROUGH A 
UNIQUE SERIES OF PROJECTS IN 
THERMODYNAMICS 
Margaret Bailey, Rochester Institute of 
Technology 
Mechanical engineering courses in Thermodynamics 
typically provide a detailed treatment of the first and 
second laws of thermodynamics from a classical 
viewpoint in order to prepare students for subsequent 
courses and ultimately, engineering practice. 
Therefore, thermodynamics courses aim to strengthen 
a student’s theoretical base and improve analytical 
skills while focusing on the relevant and timely 
subject matter of how energy transfer in the form of 
heat is converted to energy transfer in the form of 
work. For many students in a thermodynamics class, 
this is their first opportunity to gain an understanding 
of how various cycles’ operate and how these same 
cycles can be analyzed, evaluated, and assessed. A 
certain level of excitement and enthusiasm can be 
associated with this new found insight and this paper 
presents two projects which have been designed to 
prolong and strengthen students’ interest in areas 
related to thermodynamics. In 2001, the projects were 
introduced into thermodynamics courses and over the 
past five years, each has been refined through an 
assessment process in order to improve student 
learning while achieving intended learning 
objectives. The first is an individual project within 
Thermodynamics which requires the student to 
critically read a technical book (selected by student 
and approved by professor), technically review the 

book in written form, and orally present results to the 
class in an informal setting. The second is a team 
project within Advanced Thermodynamics which 
requires student teams to create and present a fifteen to 
thirty minute long presentation/demonstration for a 
non-technical audience of their choice (pending 
professor approval). The content of the presentation 
must strongly relate to Thermodynamics and have 
direct relevance to the audience. Past student teams 
have presented to a variety of audiences ranging from 
college level liberal arts classes to middle and high 
school science, math, and technology classes. 
This paper includes an overview of both projects in 
their current forms; results of project assessment, 
including samples of student feedback, which have 
been collected and analyzed over the past five years; 
the strategy used during department-level assessment to 
support outcomes related to life-long learning, 
communication, and team work abilities; experience 
gained through translation of projects to other courses; 
and future plans for project refinement. 
 
 
Session 2633: Outreach Projects and General 
Energy Education 
 
USING STATE OR FEDERAL DEPARTMENT OF 
ENERGY DEMONSTRATION GRANT FUNDS 
AS HANDS-ON EDUCATIONAL 
OPPORTUNITIES FOR ENGINEERING 
STUDENTS 
Robert Fletcher, Lawrence Technological University 
All motivated engineering faculty regularly look for 
new and innovative opportunities to provide unique and 
meaningful learning experiences for their students. 
State and Federal demonstration grants to non-profit 
organizations provide such learning experiences. For 
example, our school, Lawrence Technological 
University, received a $60,000 grant from the State of 
Michigan in the summer of 2004 for an on-campus 
installation of a 10-kW photovoltaic demonstration 
project. We pursed this grant with the intent that the 
project be used to supplement Lawrence Technological 
University’s growing academic engineering curriculum 
in the field of Alternative Energy. We have found that 
such demonstration grants provide invaluable real-
world educational enrichment opportunities for 
engineering students if the projects are managed 
appropriately, implemented within the skill sets of the 
students involved, and address the time constraints of 
the academic calendar year. The obvious benefits to 
students include key engineering activities such as the 
proper definition of a project and its scope, systems 
design, hardware and equipment procurement, 
installation, safety checks and trouble shooting, system 
validation and commissioning. Several other broader 
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educational benefits to students include cross-
departmental collaboration, team work, resources 
planning and scheduling, budget management and 
vendor relations from such projects. We installed our 
10-kW PV project using volunteer student help 
outside the bounds of classroom activities. Here we 
present a summary of the project itself, along with a 
one-year post-installation assessment of the 
Lawrence Technological University’s project. Also 
reviewed are its benefits to Lawrence Technological 
University’s students and our Alternative Energy 
program, along with several recommendations for 
how other educators might also successfully proceed 
with similar efforts. 
 
 
DESIGN OF A POWER ENGINEERING 
OUTREACH EXPERIMENT USING 
FEEDBACK FROM NON-ENGINEERS AND 
GRADE 9-12 STUDENTS 
Valentina Cecchi, Michael Kleinberg, Milo Tong, 
Bridget Kleinberg, Karen Miu, Drexel University 
This paper outlines the design process used in the 
development of electric power experiments for 
outreach. Existing experiments, originally developed 
for undergraduate and graduate power engineering 
students, were re-designed and adapted for outreach 
education. An iterative design procedure was 
employed with the active involvement of and 
feedback from a non-engineer and a high school 
student. New laboratory manuals were developed and 
a new set of laboratory activities were selected. 
Assessment surveys were also created to evaluate the 
participants’ understanding of the material and the 
effectiveness of the hardware laboratory experience. 
 
 
THE DEVELOPMENT AND PROMOTION OF 
INTERACTIVE ENERGY MANAGEMENT 
TOOLS FOR INDUSTRIAL ENERGY USERS 
Srikanth Pidugu, Steve Menhart, Swaminadham 
Midturi, University of Arkansas-Little Rock 
Despite the opportunity for increased energy 
efficiency, many industrial companies still face 
significant obstacles in that regard. To benefit small 
and medium industries located in Arkansas (and 
nationally), the Engineering Technology Department 
at the University of Arkansas at Little Rock (UALR) 
developed an Interactive Energy Management Tool 
(IEMT) for Arkansas Companies, with funding from 
the Arkansas Energy Office (AEO). This tool is a 
webbased software resource, which can be accessed 
from any remote web-browser. The IEMT is capable 
of providing users (industries) with customized 
recommendations with regard to energy conservation 
based on their specific inputs (data) to the software. 

The energy topics available for consideration are: 
lighting, motors, motor drives, fans and blowers, 
pumps, heaters and ovens, boilers, furnaces, steam and 
steam leaks, and compressed air. However, the utility of 
the IEMT is directly linked to the number of industries 
that utilize it. The overall success of IEMT depends 
upon the promotion and evaluation of the tool among a 
variety of companies. The promotion of the IEMT 
involved visiting and making presentations to nine 
industrial companies. It also involved a one-day 
workshop involving in-depth training with tutorials, 
using examples from actual industrial systems. The goal 
of this paper is to provide an overview of the IEMT, 
and to present the details of how the IEMT was 
promoted by means of onsite visits to various industrial 
companies. The structure and educational philosophy of 
the one-day workshops will also be presented. In this 
regard the methodology applied should have general 
applicability to other educational endeavors. 
 
 
PROMOTING AWARENESS OF INDUSTRIAL 
ENERGY EFFICIENCY AND WASTE 
REDUCTION IN UNIVERSITY STUDENTS 
POPULATION 
Bin Wu, Sanjeev Khanna, Richard Wyatt, 
University of Missouri; Roger Korenberg, Missouri 
Department of Natural Resources 
This paper describes how a systematic effort is being 
carried out at the University of Missouri-Columbia, to 
promote student awareness of best practices in energy 
efficiency, reusable energy, waste reduction and 
productivity improvements. In particular, it illustrates 
how the activities of a newly established Missouri 
Industrial Assessment Center (U.S. Department of 
Energy, IAC Program) in the College of Engineering 
can be logically integrated with both graduate and 
undergraduate engineering education in this regard. 
 
 
TRAVELING ENGINEERING ACTIVITY KITS – 
ENERGY AND THE ENVIRONMENT: 
DESIGNED BY COLLEGE STUDENTS FOR 
MIDDLE SCHOOL STUDENTS 
Elizabeth DeBartolo, Margaret Bailey, Rochester 
Institute of Technology; Melissa Zaczek, Cummins 
Emission Solutions; Timothy Schriefer, Rochester 
Institute of Technology; Patrick Kelley, Carnegie 
Mellon University; Mallika Ramaswamy, Rochester 
Institute of Technology; Nicholas Ryczko, Pratt & 
Whitney 
A 2005-06 Multidisciplinary Senior Design team 
created a series of classroom activities designed to 
teach middle school students about engineering topics 
related to energy and the environment. This traveling 
engineering activity kit (TEAK) project consists of five 
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kits, each based on a different energy-related theme: 
Heat Transfer, Electrical Energy, Wind and Water, 
Solar Power, and Chemical Energy. Each kit contains 
an Academic Activity to teach a background concept, 
a Hands-On Activity to allow students to apply the 
concepts learned, and a Take-Home Activity that can 
be done independently at home. The design team also 
developed instruction manuals suitable for non-
engineers, lesson plans, handouts, and post-activity 
quizzes to assess participants’ learning. To date, the 
kits have been used by over 100 6th graders as well 
as dozens more students participating in on-and off-
campus outreach programs. This paper describes how 
and why undergraduate engineering students were 
involved in designing the TEAK educational tool, 
including a detailed list of customer needs and design 
specifications that were defined during their design 
process. Discussions are also included on the basic 
TEAK structure, kit descriptions, and assessment 
results to date. 
 
 
Session 3133: Design Experiences in Energy 
Systems 
 
USING MODEL SOLAR RACERS AS AN 
INTRODUCTION TO ENGINEERING 
Andrew Lau, Pennsylvania State University 
This engineering first-year seminar course was first 
offered in spring 2001 and is based on the successful 
middle school program, the Junior Solar Sprint. 
Student teams compete to design, build and race 
small-scale photovoltaic (PV)-powered vehicles. This 
hands-on experience serves many goals, most notably 
as a fun introduction to engineering design, analysis, 
and testing. Solar Racers makes a great topic because 
of the many relevant issues that first-year students 
can understand including renewable energy, vehicle 
physics, electrical circuits, team work, 
experimentation, material selection, design processes, 
mathematical analysis, and computer tools like 
spreadsheets and equation solvers. The use of 
knowledge and techniques from various courses and 
subjects helps demonstrate the application and 
integration so uncommon in the traditional first year 
of engineering. The culmination of the course is a 
race day where student teams compete with their 
classmates in a straight 70 foot long race. Two race 
heats are carried out, one with PV power and another 
with battery power. Teams prepare a summary report 
that describes their car details and highlights. Hands-
on work is supplemented by brief lectures, readings, 
and homework problems. This paper describes the 
course and related resources sufficient to allow other 
interested faculty members to develop similar courses 
at the university level. Some of the engineering 

analysis may also be useful to middle school teachers 
and students to further the level of engineering rigor in 
similar projects. Experiences from five semesters of the 
course will be reviewed, along with recommendations 
for further improvement. 
 
 
DESIGN AND CONSTRUCTION OF A LAB-
SCALE GROUND SOURCE HEAT PUMP 
Jorge Alvarado, Texas A&M University 
Undergraduate engineering and engineering technology 
students are in need of rigorous and multi-faceted 
hands-on activities to enhance their self-confidence and 
technical skills. Very few courses give students the 
opportunity to approach practical design and production 
problems in a holistic manner. Senior design courses or 
capstone projects frequently give students the 
opportunity to design complex or multi-component 
systems in a timely effective manner. However, most 
capstone design projects are only concerned with the 
design itself and not with production, construction, or 
implementation of the design outcomes because of time 
restriction or lack of resources. In this paper, a case 
study is presented which shows how two groups of 
students undertook the design and construction of a lab-
scale ground source heat pump (GSHP). The first group 
was responsible for the design and component selection 
of the GSHP. As part of the design process, the students 
derived and specified an appropriate performance 
metric based on the first law of thermodynamics which 
was then used to guide the design optimization process. 
As a result, size, weight and cost of the system were 
determined and optimized computationally. A second 
group of students built a GSHP taking into account the 
established design attributes and a limited budget. After 
successful construction and installation of the lab-scale 
GSHP, undergraduate students in engineering 
technology are now able to experimentally measure its 
performance under various experimental conditions. 
 
 
DESIGN OF PHOTOVOLTAIC SYSTEMS FOR 
MUNICIPAL AND SCHOOL BUILDINGS IN 
OCEAN CITY, NEW JERSEY 
Peter Mark Jansson, Ryan Elwell, Rowan University 
As part of the Junior/Senior Engineering Clinic 
experience at Rowan University1-2, students were able 
to directly participate in the engineering design, 
specifications, feasibility analysis and specification of 
photovoltaic (PV) systems for the City of Ocean City’s 
school and public buildings. The New Jersey Clean 
Energy Program3 provides some of the most lucrative 
rebates for renewable energy system installations in the 
nation, and this clinic experience allowed engineering 
students to directly participate in a growing renewable 
energy market while learning more about the electrical 
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design of PV systems. In order to assure that their PV 
systems would be economically feasible and well 
designed, the City of Ocean City (OC) and the OC 
Board of Education hired Integrated Systems (a 
consulting engineering group) to determine 
appropriate designs and plans for each of the twenty 
buildings they were considering. The feasibility study 
determined that ten buildings were good candidates 
for the PV systems. The consulting company (acting 
as an industry affiliate to the College of Engineering) 
engaged a professor and students in the work to 
encourage expansion of the technical labor pool in 
this important area. The purpose of the project was to 
provide a final report on the feasibility of PVs for 
each building in the study, including analysis of 
electric usage history, current electric usage trends, 
long-term cost/benefit analysis, overall structural 
integrity of the roofs to support the added loads, 
layout and design of the PV system itself as well as a 
wiring diagram for interconnection with the utility. 
The result was an engineering analysis which 
prepared the City of Ocean City and OC School 
Board to make key investment decisions and proceed 
with the implementation of the photovoltaic systems. 
The impact on project-based learning is emphasized 
as these types of clinic experiences motivate and 
excite students to learn the requisite engineering 
skills to solve the real world problems. 
 
 
SUSTAINABLE ENERGY DESIGN PROJECTS 
FOR ENGINEERING FRESHMEN 
Jennifer Mullin, Virginia Tech; Jinsoo Kim, 
Korea National University of Education; 
Vinod Lohani, Jenny Lo, Virginia Tech 
In the fall 2006 a sustainable energy design project 
was piloted in a first semester engineering course 
“Engineering Exploration” at Virginia Tech. The 
main objectives were to develop students’ knowledge 
of sustainable energy, provide an introduction to the 
engineering design process, and to improve students’ 
team and communication skills. The theme of 
sustainable energy was selected in support of the goal 
of an ongoing Department-Level Reform (DLR) 
project from the NSF, and to also initiate curricular 
activities supporting the newly formed Dean’s 
Taskforce on Energy and Sustainability. This task 
force seeks to coordinate, promote, and position the 
university’s educational, research, and outreach 
efforts to achieve sustainable and secure energy 
systems. Approximately 1,200 students completed 
the six week long team design project which 
culminated with a design showcase where 17 semi-
finalists competed for 1 of 3 prizes. This paper 
presents the implementation details of the design 
project. In addition, results of a mixed-method study 

with 112 students which include pre- and post-test 
survey data examining general knowledge of renewable 
energy, attitudes towards renewable energy, 
engineering design and feedback from focus groups 
interviews are discussed. 
 
 
Session 3533: New Trends in Energy Curriculum 
 
INTEGRATION OF A WIND POWER 
ASSESSMENT PROJECT THROUGHOUT THE 
UNDERGRADUATE CURRICULUM 
Bradley Rogers, Mark Henderson, Chell Roberts, 
Arizona State University 
In the summer of 2005, simultaneous with the initial 
admission of a freshman class to a new general 
engineering program at the Polytechnic campus, ASU 
entered into an agreement with the Hopi nation in 
northern Arizona to assess the potential for 
development of wind energy resources on Hopi land. 
This provided a unique opportunity to involve students 
at the freshmen level in a problem based learning 
experience as they received one credit for assisting with 
the initial phase of the project, which included the 
erection of a 50 meter instrumentation tower on the 
reservation. At this point (January 2007) approximately 
ten month’s worth of data has been obtained, and the 
analysis of this data is proceeding. Consequently, since 
the analysis of wind data requires substantially more 
technical maturity than that which was required for the 
first phase, there is another opportunity to involve 
students, but this time at the sophomore level. In this 
paper, the ongoing problem based learning experience 
based on the Hopi wind assessment project at ASU 
Polytechnic is described. 
The series of annual time scales necessary to complete 
wind power assessment and development projects 
serendipitously coincide with academic time scales. In 
addition, if the data indicates that wind power 
development is economically and environmentally 
feasible on the Hopi reservation, the project will have 
entered the development phase as these students 
approach graduation. As a result, simultaneous with 
increasing levels of engineering ability, these students 
have the opportunity to be involved in an applied 
research and development effort at correspondingly 
increasing levels of technical responsibility throughout 
their undergraduate experience. 
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INTEGRATING SHIPBOARD POWER 
SYSTEM TOPICS INTO CURRICULUM 
Noel Schulz, Herbert Ginn, Stanislaw 
Grzybowski, Anurag Srivastava, Jimena Bastos, 
Mississippi State University 
Traditionally electric power programs have had very 
strong relationships with electric utilities. Lately 
campuses are seeing a more diverse corporate 
representation seeking students with power 
engineering background. These companies include 
power equipment manufacturers, consultants, 
chemical companies, automotive companies and 
more.  
A new set of companies looking for power engineers 
are naval ship builders and other ship building 
support industries. The new all-electric ship program 
provides a platform for increased control and 
utilization of electric power systems to improve ship 
features of reconfiguration and survivability. The 
industry now needs more electrical power engineers 
to solve its future challenges. 
This paper will describe efforts at our university to 
integrate more shipboard power system topics into 
the undergraduate and graduate curriculum. The 
shipboard power system provides some unique 
challenges and features. By incorporating the ship 
power system activities into the classroom, faculty 
member are able to expose students to the varied 
challenges between these systems and traditional 
utility systems. As part of the curriculum update, our 
activities include upgrading our graduate education 
classes to allow current engineers within the 
shipbuilding community to retool in ECE classrooms 
to provide the background and support of future 
shipbuilding design and engineering needs. By 
collaborating with shipbuilders within the state, 
curriculum improvements are helping with state 
economic development as well as providing a 
workforce with a more diverse background. 
 
 
DESIGN OF THERMAL SYSTEMS: A LOST 
COURSE 
Kendrick Aung, Lamar University 
In a typical mechanical engineering curriculum, 
Design of Thermal System course is the culminating 
course for thermal fluid stem where synthesis of 
junior and senior level classes is presented with 
respect to real-world engineering systems such as a 
coal-fired power plant. The course covers design 
process, equipment selection, economic 
consideration, mathematical modeling, and numerical 
simulations of energy systems. Even though the 
course is generally a required course for many 
engineering programs, the author found that many 
curricula have either stopped offering the course or 

included some aspects of the course in some junior 
level courses. At Lamar University the faculty member 
who used to teach the class was recently retired and the 
author took up the challenges of teaching the course for 
the first time in the Fall 2006 semester. This paper 
discusses the relevancy and necessity of the course for 
undergraduate students based on the experience of the 
author in developing the course materials as well as 
implementing and conducting the course. The 
discussion covers course content, materials, resources, 
and students’ opinion and responses on the content and 
usefulness of the course as it is presented to them. 
 
 
ENERGY SCAVENGING FOR WIRELESS 
SENSOR NODES WITH A FOCUS ON 
ROTATION TO ELECTRICITY CONVERSION 
Faruk Yildiz, Jin Zhu, Recayi "Reg" Pecen, Liping 
Guo, University of Northern Iowa 
Today, sustaining the power requirement for 
autonomous wireless sensor network is an important 
issue. In the past, energy storage has improved 
significantly. However, this progress has not been able 
to keep up with the development of microprocessors, 
memory storage, and sensor applications. In wireless 
sensor networks, battery-powered sensors and modules 
that are expected to last for a long period of time, since 
conducting battery maintenance for a large-scale 
network consisting of hundreds or even thousands of 
sensor nodes may be difficult, if not impossible. 
Ambient power sources, as replacement of batteries, 
come into consideration, to minimize the maintenance. 
Power scavenging may enable wireless sensor nodes to 
be completely self-sustaining so that battery 
maintenance can be eventually freed.  
Researchers have performed wide spread studies, in 
alternative energy sources that could providing small 
amount of electricity to low-power devices. Energy 
harvesting can be obtained from different energy 
sources, such as vibration, light, acoustic, airflow, heat, 
temperature variations. Table 1 below illustrates the 
comparisons of various energy scavenging sources 
derived from various number of research efforts. One of 
the physical phenomena that are being employed to 
satisfy the requirements for the generation of small 
amounts of electricity is the mechanical rotation. 
This paper introduces an energy scavenging technique 
for low power wireless sensor nodes with a focus on 
conversion of mechanical rotation energy to electricity. 
Here we consider a hydraulic door closer as a potential 
energy resource where the door is moved by human 
power in daily life. The two phases of door hydraulic 
system operations are: the first phase is the opening 
phase that is generally activated by human power; the 
second one is the closing phase that is controlled by a 
spring and a hydraulic damping mechanism. The 
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mechanical energy can be converted to electrical 
energy using appropriate device and provide energy 
to low power sensor nodes. 
 
 
UTILIZING DESIGN SHEETS IN THE DESIGN 
OF ENERGY AND THERMAL SYSTEMS 
Kendrick Aung, Lamar University 
In designing an energy system such as a steam power 
plant or a solar water heating system, an engineer is 
required to select and size many different 
components such as pumps, turbines, and solar 
panels. Proper selection and sizing of these 
components require understanding of materials 
covered in basic engineering science courses such as 
thermodynamics, heat transfer, and fluid mechanics.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Moreover, the engineer must have knowledge and 
understanding of the overall system, the role of each 
component in the system design, and the interactions 
among different components. In addition, the selection 
and sizing process must conform to and follow industry 
standards and recommendations. As a result, many 
manufacturers provide design sheets to facilitate the 
design and selection process of their products. Even 
though the use of design sheet is prevalent in industry, 
many engineering textbooks in thermal/fluid sciences 
do not include or even describe them. This paper 
provides descriptions of some design sheets relevant to 
design of thermal and energy systems, and how they 
can be used in courses such as fluid mechanics, design 
of thermal systems, energy engineering, and energy 
conversion systems.  
 
 

 
 
 
 
 
 
 

ECCD Best Papers presented at 
the 2007 Annual meeting 

 
Enhancing Life-Long Learning 
and Communication Abilities 

through a Unique Series of 
Projects in Thermodynamics  

Margaret Bailey  
Rochester Institute of Technology  

 
Sustainable Energy Design 
Projects for Engineering 

Freshmen 
Jennifer Mullin, Virginia Tech 

Jinsoo Kim, Korea National 
University of Education 

Vinod Lohani, Virginia Tech 
Jenny Lo, Virginia Tech 

 
Lessons Learned Using Electronic 

Responders in a Power and 
Controls Course  

Timothy Skvarenina  
Purdue University 
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2007 ECCD Business Meeting Minutes 
June 25, 2007 

• 41 papers were uploaded to the 
proceedings. These were divided into nine 
technical sessions. All papers were subject to at 
least two reviews. 20 papers had three reviews. 

• Thanks to Ilya Grinberg for arranging 
sponsorship of the three breakfast sessions. 
Sponsors included PTC, Mathworks, and US 
Didactic. 

• Include sponsorship within session 
description if possible. Contact Ilya if there is a 
concentration of papers that a sponsor would 
have interest in. 

b. Newsletter Editor Margaret Bailey reported 
that two issues of the ECCD newsletter were 
published: one in the fall and one in the spring. 
Thanks to all contributors. 

c. Webmaster Tim Skvarenina: Added History 
page to website. Posted a call for papers. Will add 
an Award winner page. 

4. Officer Elections 

New officers moved up in position by voice vote – 
opening the Newsletter Editor position.  

Chair: Heather Cooper 
Chair Elect: Sarma Pisupati 
Program Chair: Stephen Williams 
Secretary/Treasurer: Margaret Bailey 

Adrian Ieta, Murray State University, was elected 
Newsletter Editor. 

 

Attendees: 

Margaret Bailey, Valentina Cecchi, Heather 
Cooper, Ilya Grinberg, Adrian Ieta, Youakim 
Kalaani, Bob McMasters, Jennifer Mullin, 
Sarma Pisupati, Tim Skvarenina,  Craig 
Somerton, Stephen Williams 

1. Welcome and Introductions 

ECCD Chair Craig Somerton called the 
meeting to order. All present introduced 
themselves. 

2. Chair Report 

• ECCD hosted its first panel session at 
the 2007 conference. The session topic is 
“The Evolving Instruction of 
Thermodynamics.” 

• It was noted that the PIC III has moved 
to a “publish to present” policy. The ECCD has 
already adopted this policy. 

• ECCD is the fourth largest division in 
ASEE by membership count. 

3. Officer Reports 

a. Program Chair Sarma Pisupati 
expressed gratitude toward ECCD officers in 
assisting with the review process. The 
program Chair reported: 

• 61 abstracts were submitted. One was 
rejected, one was withdrawn for a total of 59 
accepted abstracts. 
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Energy Conversion and Conservation Division (ECCD) Officers (2007 – 2008) 

Name Position Institution E-mail Phone 

Cooper, Heather L.  Chair  Purdue University  hcooper@purdue.edu  (765) 494-9653  

Sarma V. Pisupati Chair Elect Penn State University spisupati@psu.edu (814) 865-0874 

Adrian Ieta Editor  Murray State University adrian.ieta@murraystate.edu (270) 809-4917 

Somerton, Craig W.  Past Chair Michigan State University  somerton@egr.msu.edu  (517) 353-8199  

Williams, Stephen M. Program Chair Milwaukee School of Engineering  williams@msoe.edu (414) 277-7420  

Margaret Bailey  Secretary/Treasurer  Rochester Institute of Technology mbbeme@rit.edu  (585) 475-2960 

Skvarenina, Timothy  Webmaster  Purdue University tskvaren@purdue.edu  (765) 494-7493 

 

5. Presentation of Best Paper Award 
Checks/Certificates 

The following Best Paper Awards were 
presented: 

3rd Place: Paper 633  Lessons Learned Using 
Electronic Responders in a Power and Controls 
Course, Timothy Skvarenina, Purdue University 

2nd Place: Paper 1375  Sustainable Energy 
Design Projects for Engineering Freshmen, 
Jennifer Mullin, Virginia Tech; Jinsoo Kim, 
Korea National University of Education; Vinod 
Lohani, Virginia Tech; Jenny Lo, Virginia Tech 

1st Place: Paper 460  Enhancing Life-Long 
Learning and Communication Abilities through 
a Unique Series of Projects in 
Thermodynamics, Margaret Bailey, Rochester 
Institute of Technology 

6. Meeting Adjourned 
 


