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Motivating Student Learning Using Biofuel-based Activities  

 

Abstract 

Student learning is greatly enhanced when students are intrinsically motivated by the subject 
matter. For many students the topic of biofuels appeals to their intrinsic desire “to make a 
difference” with respect to the environment. At Kettering University an interdisciplinary group 
of engineers and scientists have found success in motivating students by introducing biofuel 
topics into the classroom and by offering undergraduate research and project experiences.  
Through these experiences students are learning both the fundamentals of their disciplines and 
developing an understanding of the opportunities and challenges associated with producing and 
utilizing biofuels. This paper provides a summary how biofuel learning activities have been 
integrated into the educational program. 

Introduction 

Learning experiences are greatly improved when students are intrinsically motivated by the 
subject matter. An intrinsically motivated student will undertake an activity "for its own sake, for 
the enjoyment it provides, the learning it permits, or the feelings of accomplishment it evokes.1” 
An extrinsically motivated student performs "in order to obtain some reward or avoid some 
punishment external to the activity itself.1" Studies show that intrinsically motivated students 
tend to employ strategies that demand more effort and that enable them to process information 
more deeply.  These students tend to prefer tasks that are moderately challenging. Extrinsically 
oriented students are inclined to put forth minimal effort.2  

It is important for instructors to find educational activities that appeal to the intrinsic interest of 
their students. In a recent Harris Interactive survey commissioned by Microsoft Corporation3, 
39% of the college students surveyed reported that one reason they chose a STEM degree was 
that they wanted “to make a difference.” It should be noted that this percentage was much higher 
for women (49%) than for men (34%). One concern that is on the mind of many college students 
is the impact of fossil fuels on the environment and on society. For many students, activities that 
are centered on biofuels appeal to their intrinsic interest help society address the problems 
associated with fossil fuels. 

Studying biofuels allows instructors to cover both the fundamental principles of their discipline 
and broader issues such as understanding the impact of technology in a global, economic, 
environmental, and societal context. Meeting the energy needs of the nation and the world is 
becoming increasingly difficult in the face of escalating demand and dwindling supply of 
conventional fuel resources.  Developing renewal sources of energy is critical to keep economic 
engines turning and to allow standards of living of people around the work to increase.  
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Biofuel is a renewable energy source produced from natural (biobased) materials, which can be 
used as a substitute for petroleum fuels4. Common biofuels include biodiesel, bioethanol and 
biogas (or more specifically biomethane).  Biofuels have many benefits over traditional non-
renewable fuels; including reduced environmental impacts and greater national energy security. 
Bioethanol is produced by fermentation of feedstocks such as corn, wheat, or sugar beets. 
Biodiesel is produced by chemically extracting the oil from algae or oil seeds. Biogas is 
produced by anaerobic digestion from most any organic material.  The benefits and production 
costs for these biofuels will vary widely by feedstock, conversion process, scale of production 
and region of the country. 

Developing the technology to produce and utilize biofuels is truly a multidisciplinary project, 
involving chemists to understand the fundamental chemical processes, chemical engineers to 
efficiently produce the biofuel, mechanical engineers to understand the effects of using biofuel in 
conventional engines, and mathematicians to aide with developing predictive models.   

At Kettering University an interdisciplinary group of faculty have been using biofuel education 
activities to motivate their students and develop student understanding of the opportunities and 
challenges associated with producing and utilizing biofuels.  Ongoing activities include projects 
for the classroom, undergraduate research, co-operative learning projects, and student 
competition projects. While there are many ongoing projects, this paper will summarize the 
following examples:  

 Biogas production project for an undergraduate chemical engineering course 

 Biogas production modeling project for an undergraduate mathematics course 

 Biogas research projects for undergraduate and co-operative learning students 

 Bioethanol usage in student competition projects 

 Bioethanol research projects for undergraduate and co-operative learning students 

A Biogas Production Project in Chemical Engineering 

CHME-200 is the first exposure to chemical engineering for undergraduate students.  The course 
combines material and energy balances.  For a term project students are asked to perform 
calculations for a simulated dairy farm that uses anaerobic digestion to produce biogas. The 
model for the digester includes calculations for mass balance, energy balance, and basic 
economic analysis.   The combined calculations become large and tedious to solve by hand, so 
software (Microsoft Excel) is used to facilitate the calculations.   

Anaerobic digesters use microorganisms to convert waste into useful products and energy.  
Biodegradable organic matter such as food, paper, yard clippings and human/animal waste is 
used as feedstock.  The output from the reactor is widely used as a renewable energy source 
since the digestion process produces biogas, which is composed mainly of methane and carbon 
dioxide.  The other output stream is a nutrient rich digestate, which can be used as a fertilizer 
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publications and presentations.  The student responsible for this project is now attending 
Notre Dame graduate school. 

 “Evaluation of Trace metals in Anaerobic Digestion”: This project worked to analyze 
trace metals in the Anaerobic Digestion process.  The student was able to develop 
standard curves for two metals and concentrate samples in order to identify one metal.  
This student will graduate and has been accepted to medical school at Michigan State 
University. 

The students that are flourishing in this environment are not necessarily the students with the 
highest GPAs, but the students that are willing to work the hardest.  It was found that including 
the students early in the process, during the grant writing phase, led to the best results because 
the students fully understood the expectations of the funding agency. It was also found that it 
was important to have a lab technician available to work with the students on a daily basis. 

Experience has also taught that it is important to push the students; give them projects that are 
above what they think they can do.  They will go through a period of frustration.  Let them get 
frustrated and be patient with them.  Help them to come to a conclusion by giving them the 
resources and they will complete the project.  Ultimately they will not have anyone to walk them 
through the process when they go to graduate school or industry.  They will learn how to design 
experiments and how research works.  They will be better scientists for it. 

Finally, it should be noted that the Anaerobic Digestion and Verification Laboratory is 
maintained in collaboration with a company Swedish Biogas International.  Consequently, the 
students are exposed to the expectations of industry while they work in the lab.  The students 
participate in hosting corporate collaborators, the students learn much more than the laboratory 
techniques. 

Bioethanol Usage in Student Competition Projects 

Kettering University students participate several of the Society of Automotive Engineers (SAE) 
Collegiate Design Series (CDS) competitions.7 Two of the competition vehicles, the Clean 
Snowmobile Challenge sled and the FormulaSAE racecar, have been converted to run on 
bioethanol fuel. 

The SAE Clean Snowmobile Challenge (CSC) team competes in a yearly international collegiate 
design competition for the lowest chemical and noise emissions, the greatest fuel efficiency, and 
best performance from a modified production-based snowmobile. Combustion-powered 
snowmobiles can be fueled with blended biodiesel or a bioethanol blend, both mixed with 
unknown amounts of petroleum diesel or gasoline.  Ethanol blended fuel was chosen to allow for 
an engine design with light weight and high power--important characteristics for a powersports 
application.  The team has modified the engine with the addition of a turbocharger to take 
advantage of ethanol blend fuel's excellent knock resistance. Kettering has also implemented its P
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is that this ethanol-water phase could be drawn into the engine during cold starts allowing the 
engine to run.  If the engine does start on this mixture, the combustion will be lean, which could 
lead to damage due to the elevated temperatures.  Further, the ethanol-water separation layer 
could compete with the lubrication oil and coat the metal components of the engine, leading to a 
loss in lubricity. 

The phase separation issue is considered to be more of a concern in small engines because of 
their intermittent use and generally, unheated storage locations.  This leads to longer fuel storage 
time, and might cause phase separation to occur. 

Students conducted experiments to compare the effects of water in E10 fuel as compared with E0 
fuel. Both fuel samples were acquired from commercial suppliers during the same time period to 
minimize differences in aging or formulation.  Tests conducted included: 

1. Long-term Storage Experiment – to determine the likelihood of the formation of water 
ethanol separated phase during storage (3-6 months).  

2. Engine Performance Testing with Ethanol Water Phase Separation – a series of tests were 
conducted on a small engine by artificially creating water phase separation with a mixture 
of fuel and water.  

The results of the testing indicated that the concerns that have been expressed regarding the 
water ethanol phase separation issue when using E10 seem to be unfounded. The example 
presented here shows just one example of a problem that is (rightfully or wrongfully) attributed 
to bioethanol fuel.  There are many other such issues that need to be addressed before bioethanol 
is totally accepted as an alternative to conventional fuel. 

Undergraduate students working on the competition and research projects have responded to the 
challenge of using bioethanol by producing impressive results. The students working on these 
projects have exceeded expectations. It is very rewarding to see how fiercely proud the students  
are of completing projects that other students would not even attempt to try. 

Summary 

The topic of biofuels has been found to be effective in increasing student motivation to learn. 
Students have responded favorably to classroom projects at the sophomore level and have 
blossomed as student learners in project work at the junior and senior level.  As described in this 
paper, the production of biofuels is a rich area for student research and an excellent opportunity 
to offer interesting multidisciplinary modeling projects for students. The use of biofuel involves 
challenges that are different than the use of conventional fuels, but these differences are not yet 
well understood. Understanding this difference is a rich area for student exploration and learning.   

Biofuels provide a host of learning experiences, many of which match up well with ABET 
learning outcomes. In particular, biofuels offer excellent opportunities to develop: 
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a.  an ability to apply knowledge of mathematics, science and engineering (in a very 
multidisciplinary manner) 

b.  an ability to design and conduct experiments, as well as to analyze and interpret data 
c.  an ability to design a system, component, or process to meet desired needs within 

realistic constraints such as economic, environmental, social, political, ethical, health 
and safety, manufacturability, and sustainability 

f.  an understanding of professional and ethical responsibility 
h. the broad education necessary to understand the impact of engineering solutions in a 

global, economic, environmental, and societal context 
j.  a knowledge of contemporary issues 

This paper has described a few of activities to develop student understanding of the opportunities 
and challenges of biofuels. There are many more projects that are possible. Next on the agenda 
for the group is to develop an understanding of the opportunities and challenges for using biogas 
in conventional engines. 
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