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Abstract — A workshop module was created to introduce
freshman engineering students to sustainable energy
scenarios by means of concepts of systems. The mizdu
was also designed to represent spiraling of key coepts
the students were introduced to, prior to the workkop
activity. Berkeley-Madonna, a dynamical simulation
software, was utilized to simulate and compare two
future scenarios of power production met by coal ath
bio-diesel, respectively. Student understanding othe
scenarios was evaluated by subjecting the studertts five
pre- and post-test survey questions set up on a ®ipt
Likert scale. Statiscal repeated-measures analysiwas
performed on a much smaller set of data than expeetl
due to insufficient post-test responses. Analysisf dhe
pre- and post-test data indicated a significant dference
and improvement in response to only one of the five
questions posed, which assessed the individual samt’s
apriori knowledge on “carbon sequestering” and “cabon
neutral policy”

Index Terms — Berkeley-Madonna, Spiraling curriculum,
Sustainable Energy, Systems Concept

INTRODUCTION

Virginia Tech’'s College of Engineering has had
general engineering program for freshman since T06all
the 1200 students in the college. The contentdatidery of
instruction has undergone significant modificatiafier Fall
of 2000. With a large freshman engineering classs ia
challenge to provide a meaningful hands-on expeeein
addition, it is a challenge to integrate the firgtar

aTorricelli's equation for flow [3].

The primary goal of the DLR grant is to create antle
based spiral curriculum that integrates the freshma
engineering and bioprocess engineering curriculn whe
broad aim of integrating the freshman program wath
engineering majors in the College. Systems apjprigaone
of the three important themes in the project. THeotwo
are design and ethics. To teach the concepts siErmg
approach to freshman students, the faculty platméttiude
several activities. In Fall 2005, students wetsoihuced to a
water tower experiment where in which a hand-oriviagt
involved on studying the flow through an orifice héd
container had a truncated cone (bucket) shapeadeds a
changing volume with height.  This provided some
geometrical calculations to compute volume and flow
paper using theoretical equations. The students diso
chance to see the change in velocity as the watgneat
from the tank. They collected the height in the evatnk
with time and had worked on developing predictive
equations to fit the data. Later part, studentevigroduced
to the model of the same system using Berkeley Mado
software to display the use of specialized simaiati
program. Changing the variables like the dimersiohthe
tank, orifice diameter on the fly to see the effectflow was
demonstrated. The students were asked to reflecthe
reason for differences between their predictivea¢iqus and
In addition téhe water
tower experiment, during Spring 2006, the energsnated
and use of bio-based energy resources was seldoted
demonstrated the systems concepts to the studehlss
paper describes this effort in detalil.

In a dynamically changing world of finance and
businesses, meteorological phenomena, ecologyeaeid)y

experience with upper level courses in the ten ekgr consumption and production, it is essential thargists of

granting departments. To improve the freshmanregging
program, the Department of
submitted proposals to NSF. The first project tges for
Engineering Education at Virginia Tech” was awarded

the future understand the concept of dynamics dred t

Engineering Educatiorimpact of variables in a constantly evolving system

Current world scenario is focused on dwindling eger
resources and the impact of their usage on the@nvient.

Fall of 2003 and became a planning project forseeond The United States faces serious shortage of enerdie
funding from NSF for departmental level reform (DLR future with its ever increasing demand for fossiélé. The
This DLR project, funded in Fall 2004, focused onconsumption of fossil fuel in the United State2%6 of the
reformulating the engineering curriculum for spieeifly  total world consumption, despite a population ofyohfi7%
bioprocess engineering program in the Department off the world population [12]. The coal supply iretinited
Biological Systems Engineering in conjunction withe States is projected to last less than the estimb@@dyears
freshman program in the Department of Engineeringnainly due to its depleting oil resources and itswgng
Education and School of Education [9].
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population that is projected to double to more tf#® « Hands-on world map activity to expose students to

million in the next 60 years [12]. population growth and energy consumption,
Combustion of fossil fuel also releases drastic am® « Sustainable energy design term project.

of CO,, a major greenhouse gas, into the atmosphereil Foss

fuel resources in the world today can produce 5§igatons In addition to the above, the module also comprised

of carbon (GtC), with a world consumption of 6Gt€r year  problem-solving skills, graphing skills, and flovesting,

[8]. Due to deforestation and reduction in soitifity due to  that the students were exposed to priori througmework

intensive agriculture, the concentration of L@ the  assignments and workshop activities.

atmosphere has been increased [11]. It is essémdiin the The module was implemented in the following manner

future, for a healthy economic growth, the atmosigh€0,  as mentioned below

is stabilized using a “carbon-neutral” method ofemyy Pre-workshop survey

consumption. _ *  Pre-workshop flowchart assignment

_ In th_e_ last few decade_s, energy mod_ellng has bee, Pre-workshop lecture on systems and energy
widely utilized for energy policy analysis mainly évaluate ,  prg_yworkshop reading literature on Berkeley-Madonna
the effects on economy and find means to reduceresiye ; ;

o ) IR simulation software
oil imports [10]. .Technology—onented optimizationodels Hands on workshop activity using Berkeley-Madonna
and economy-oriented models were two models thak we simulation software
utilized for analysis of the energy sector andintportance Post-test surve
on the overall economy. One of the earliest modtis, y
Brookhaven Energy _Systems Optimization Model (BESOM Pre-workshop Survey An optional pre-workshop survey
has been responsible for the development of more

- . Ihcluded 5 questions that the students filled oanscon
sophisticated models today that also incorporatebail sheets Theq pre-workshop survey was completed By th
warming [10]. ;

. . . . , students on April ¥ 2007 during their lecture session.
Our study involves incorporating a simple time-

. The questions were addressed evaluate and assess
dependent model in a hands-on workshop modulegos= . . . i :
) . . .individual students’ knowledge on current energgnseios.
engineering freshman to sustainable energy scenari

through means of utilizing systems concept. Thégagsent The survey was completed during the lecture sessidhe

. . ; . ENGE 1024: Engineering Exploration course The surve
module was incorporated in the freshman enginearingse uestions were designed on a 5-point Likert scdle (
titted ENGE 1024: Engineering Exploration in theriSg 9 9 b

. : . Strongly Agree, 2- Agree, 3- Neutral, 4- Disagree,
Session O.f the year 2007. Developing problem sgI_\qnd Strongly Disagree). The questions posed to theestsdvere
critical thinking skills and early exposure to emggring

) L ; designed based on a possible change in resporesetladt
design activities are tackled in the course. Iremegears, a S .
. i 2 activity was completed. The questions posed tostbdents
number of innovative hands-on workshop activitiesséh

been introduced into the ENGE1024 course with fheta ' o © & follows,
excite freshmen about the engineering professios tan
provide early exposure to the issues in the future.

The module was also based on a spiraling curriculum
concept. The twentieth century psychologist, Jer@maer,
proposed the concept of the spiral curriculum. Brun
advocates that a curriculum as it develops shoeNdsit the
basic ideas repeatedly, building upon them ungl shudent
has grasped the full formal apparatus that gods thém [1].
The basic objective of the module was to enablesthdents
to dynamically visualize changes in systems byrialjethe
variables. Students utilized simulation softwaresdudor
analyzing time-dependent relationships called Begke
Madonna, to evaluate two separate scenarios imglgoal
and bio-diesel as energy sources in the future.

Q1. So far, you have participated in various energgtesl
activities in this course. For example, Dr. Ishwari’'s
video, world map activity, sustainable energy desig
project. | think I'm aware of critical energy-redat
issues in the world today.

Q2. The only way to ensure that our non-renewable gnerg
resources (coal, oil, natural gas, etc.) can tasjér than
predicted is to control our ever-growing population

Q3.1 believe that in the future, crop-based fuels .(ebip-
ethanol and bio-diesel) alone can alleviate thetedni
States’ energy demand and dependence on foreign oil
sources.

Q4.1 am aware of the terms “carbon sequestration” igsd
impact on implementing a “Carbon Neutral Policy.”

Q5. Assuming that we have enough vegetation in the dvorl

today to absorb current GQGemissions. | think this

vegetation cover will be sufficient to absorb £O
emissions for the next 10 years.

METHODOLOGY

Students enrolled in the ENGE 1024 course had been
exposed to previous energy-related lectures andkskop
activities. The module was created to reinforcedbcepts
that the students were previously exposed to irerotd

implement _the spiraling curriculum concept in thedule. energy scenarios, which were to be assigned asworke

These_ previous energy-related activities included . The first problem involved a sequence and selection

* Video on sustainable energy and carbon sequestratiQyy,ctyre to compare GGemissions between two fictional
provided by Dr. Ishwar K. Puri from the Department power generation companies with a given clientele

Engineering Science and Mechanics, population. A fictional government agency was ined in

Pre-workshop flowchart assignment Pre-workshop
assignment consisted of two flowchart problems thaze
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the assignment that gave tax-breaks on the prefiegated worksheet involved filling in blanks combined widome
to the company that emitted lesser £Lé&missions when minor problem solving activities. Students were eptpd to
compared and charged an additional percentage en tltomplete the assignment in full to obtain an attigrade.
company with higher emission.

The second problem involved a sequence and rigmetit Equations used in modeling For both coal and bio-diesel
structure that was used to predict the generatfiegnsoybean energy scenario models, the population growth vesed on
crop-based bio-diesel, land area requirement, a@ C the growth model indicated in the equation below
sequestration by the crop area for a given timéegdeor an
exponentially growing human population and demand. P=Pe" 1)

The flowchart problems were created to prepare the ©
students for the workshop activity and gain somevkadge

on “carbon sequestration” and “carbon neutral” egts. Where, P= estimated population after t years

P,= current or initial population

r = population growth rate
The forest growth rate for the coal model was dstiv
from nonlinear mixed models of forest growth préidic [5],

Pre-workshop lecture Students attended a special guest
lecture on systems concept and renewable energyesss
created and presented by Dr. P. Mallikarjunan. Staeents

were given basic background on systems and diffaypes  9\Ven by
of systems and how the concept could be applieshévgy- dF
i i -1 _
related issues in the world today E — Feq kn(l— ekt )n e @)

Pre-workshop reading assignment A document giving
students some background on the activity along witirief
discussion on the two scenarios, viz., coal anddi@sel,
which were being simulated using the Berkley-Madonn
software. Included in the document was introductory
information on Berkeley-Madonna software, explaingth
reference to a previous workshop problem-solvintiviag
which involved attempting to fit an empirical fuiest of the
height of standing water in a draining bucket witspect to
time. Also included in the document were instruasidfor
uploading the simulation software on the studemdflet
computers. The students were required to read t
assignment prior to their workshop session.

Where, n = growth index

k = growth rate

q = equilibrium growth potential for the forest
F = forest growth

- LK
L L
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Workshop activity using Berkeley-Madonna The
workshop activity was conducted on Aprit &nd &' of 2007
during the workshop sessions. Each session hag
approximately 30 students and students were askegbtk
in pairs. The Berkeley-Madonna executable file dand
model files for simulating the coal and bio-dieseénarios
were made available for download on ENGE 1024 viebsi —
for the activity. The two scenarios assumed 50%cgse FIGURE 1
efficiency and that 20% of the energy demand infthare
was met by coal or bio-diesel. For creating the ehdites,
data for population, energy usage, forest and &ed were
collected from various U.S. government websitest[26, 7,

SYSTEMS SOFTWARE VIEW OF COAL DEMAND

Post-workshop survey The post-workshop survey was
13-16]. conducted on May *12007. The same five pre-workshop

The coal model (Figure 1) simulated forest areaired ¢ estions were posed to the students as postttestions. It
to sequester CQand its comparison to forest area growing,yas expected that there was an “improvement” ipoese,

naturally by means of a surplus/deficit variabléeTbio- i, terms of knowledage qained. from the questions
diesel model, on the other hand, simply comparedbib- ! wiedge gained, questions.

diesel requirement by a_grpwing population vgrs’o&iixasgl . RESULTS AND DISCUSSION
generated through existing crop land using a smmila

surplus/deficit variable. The bio-diesel source ftire gue to time constraints, only one of the flowchamblems

reated as a pre-workshop activity was assigned as
homework. The students completed the homework and
submitted it during the workshop session which ined the

simulation model was assumed to be soybean derive
Research indicates that 1g of soybean oil, undega
conversion process similar to saponification, poedul g of

bio-diesel [16]. _ _ . proposed activity.
_ The model responses were varied by using pre-desiign = e \workshop activity was conducted and aided ley th
sliders to increase or decrease variable valuese Trgraduate student who developed the exercise moatude
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teaching assistants who served as workshop ledsieidents
were also allowed to bring in their pre-workshojertture
on the activity to aid them in completing the assignt.
Students were able to complete most of the assighine
class despite some difficulty in grasping the cpbae the
exercise initially. All students were allowed taifh the
exercise at home and were able to submit the cdetple
worksheet during the following week. Students waleo
encouraged to offer feedback in writing to improthe
exercise for the Fall Semester.

It can be indicated that question no. 4, which sssa
the student’s knowledge on carbon sequestrationcartabn
neutral policy showed a statistically significamprovement
in response. Approximately 71% of the 17 studemtsy had
answered “Disagree” or “Strongly Disagree” to thigestion
prior to the workshop, answered “Agree” on theirstpo
workshop responses.

Analysis and Discussion on responsedt was rather
remarkable to notice that all of the 17 responseguestion

The models used for simulation and the workshomo. 1, which assessed the student's awareness iticalcr

activity were not actual representations, but sifieol
versions of complicated models to reinforce theaiddout
sustainable energy. While the initial models fanlation
were constructed using data for the United Staths,
students were able to utilize the variable slidersthe
software to explore scenarios for other countrewell.

energy-related issues were in the “Agree” or “Sglgn
Agree” categories during the pre-workshop survéye post-
workshop response to this question changed thsgonses
from “Agree” to “Strongly Agree”, indicating an
improvement in the response. Approximately 60% o t
responses to question no.2, which dealt with thelesit's
assessment on the longevity of current non-reneawabl

Data Analysis Data analysis was performed on the Likertresources, were answered “Disagree” or “StrongaBiee”

scale responses of the students’ response to the fi
guestions posed in the pre- and post-workshop gsrve
Since the survey was considered optional, in acgure with
the rules of the Internal Review Board at Virgiffiach, out
of a total strength of approximately 180 studemtsthe
ENGE 1024 course, only 82 students participatetthénpre-
workshop survey. However, due to the tragedy agivia
Tech during the third week of April, the post-wdrke
response during the lecture session on Mawds limited to
28 students. Among these 28 responses, only 1hesht
were considered for analysis since only these stsdead
taken the pre-workshop survey.

Table | gives the modal value of responses in ttee p
and post-workshop responses to the questions irorther
listed in the methodology section, based on theitikcale

TABLE |
MODAL VALUE RESPONSE®FPRE-ANDPOST-WORKSHOP
SURVEY
Question Pre-workshop response Post-workshop respon
Question 1 | Agree Agree
Question 2 | Disagree Disagree
Question 3 | Agree Agree
Question 4 | Disagree* Agree*
Question 5 | Disagree Disagree

The only change in modal response was observed
question no.4 posed to the students. The data hes t
subjected to a repeated measures analysis to find a
statistical differences between the pre-and posksimp
responses. Table Il indicates the P-value of theOXM
analysis performed a€0.05) on the responses of each
question using MS Excél.

TABLE I
P-VALUES FORANOVA ANALYSIS ON PRE-AND POST-
WORKSHOPRESPONSES

Question P-value

Question 1 0.78

Question 2 0.50

Question 3 0.06

Question 4 0.00*

Question 5 0.88

Coimbra, Portugal

in the pre- and post-workshop responses. Approxiyat
83% of the responses for question no.3, which assethe
student’s capability to predict whether crop-babéutfuels
could alleviate dependence on foreign oil were amsd in
the “Agree” category in the pre-workshop survey émeke
responses in the post-workshop survey changed from
“Agree” to “Disagree.” Approximately 76% of student
responded “Disagree” or “Strongly Disagree” to disgsno.

5, which dealt with the student’s ability to preadi€ the
vegetation cover in the future would be sufficietat
sequester COIn the post-workshop response to question no.
5, three of the responses were changed to “Neuwrad’two

of them to “Strongly Disagree”, after these studehtd
answered “Disagree” on the pre-workshop survey.

It is clear from the response pattern for questiood
and 2, that the workshop did not significantly iy the
response, indicating that the individual under gtwas more
aware of energy-related scenarios and the dwindling
resources of fossil fuels in the world today. Qisestno.3
did not show an improvement in response eitheGesihe
exercise was constructed to show that vast amafnind
would be needed to meet the demand for power gemera
which could not be practically met with a growing
population’s need for shelter and food. Despitefdut that
there was no change in response for question ndheb,
Qudents were correct in assessing the ability lod t
vegetation cover to exist in the future to seque§®,,
indicating their awareness on deforestation. Thaugthvery
significant, the change of response from two sttgiémom
“Agree” to “Strongly Disagree” indicated a positive
influence due to the workshop activity.

CONCLUSION

While the workshop was implemented successfullgsatd

by positive student responses in terms of feedback,
extenuating circumstances forced the study pojunatd
reduce in size during the post-workshop surveyisess
From the nature of responses, it can be deducet tha
questions 1, 2, and 5 were inherently not succegsfosing

a question whose response could be altered duripgst
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test. While question 3 did not show improvementan be [4]
based largely on the student’s inability to respaadthe
question correctly based on the knowledge gainedewh
performing their workshop activity. These changeh be [
considered by the authors when the module is apptiea
larger student population during Fall semester s year. 6l

Assessment data indicates that a larger particigpagroup
could provide better analysis of the study.

Suggestions are being made to improve thd’]
exercise based on the feedback and include a @sist-t
exercise prior to the survey and to make the suavajlable [8]
online. The exercise showcased the spiraling cdncep
successfully by incorporating various aspects ef ¢burse

being revisited in the different components of thedule.  [9]
More approaches like these, combined with pre-exjst
teaching modules are required to improve the freshm
engineering student’s ability to grasp basic cotxemd
become more aware towards a multi-disciplinary aapi. [10]
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