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Project-based Pedagogy to Enhance Teaching and Learning in Energy and the 

Environment for Honors Students 

 

 

Abstract 

 

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.    

 

Introduction 

 

To meet the ever increasing energy demand, the nation and the world need a well trained 

and diverse workforce to develop process, utilize and manage both conventional and 

renewable energy sources in an environmentally safe and economically viable manner. 

Unfortunately, many of the academic programs that provided such workforce (e.g., 

chemical engineering) have redirected their focus to the health or bio-related areas 

leaving many energy producing and consuming industries with a high average technical 

workforce age and growing workforce demand. There is also renewed emphasis on the 

development of alternative sources of energy to conventional fossil fuels. The increasing 

demand for energy and trained energy workforce calls for innovative methods to increase 

enrollments and graduation rates of students in energy-focused disciplines. 

 

Penn State University has significant resources and expertise in energy especially within 

the College of Earth and Mineral Sciences (EMS) through the departments of Energy and 

Geo-Environmental Engineering (EGEE), Material Science and Engineering and 

Geosciences as well as the Energy Institute (EI)
1
. The EMS College, in collaboration 

with other Colleges, is uniquely positioned to assist in this area of national importance: 

energy. The EGEE Department
2
, for example, is committed to educating the student body 

at Penn State with regard to energy and energy concerns. This department is currently 
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educating 4,000 students per year in energy outside of our departmental majors, 

compared to less than 300 four years ago. In particular, the education of non-science 

students in energy is vital to the national debate on energy and security. 

 

The high enrollments were achieved with dedicated faculty through innovative teaching 

styles and interactive learning objects
3
. Two of the popular general education courses that 

have contributed to the education of the large number of students on energy are EGEE 

101 Energy and the Environment and EGEE 102 Energy Conservation. The innovative 

approaches used in these classes have attracted higher representations of minorities (19% 

in “Energy & the Environment”) and women (56% in “Energy Conservation”). The 

regular sections of these classes typically have enrollments of 100-200 per section. 

However, the honors sections of these classes are limited to 20-30 per section. This 

allows more group discussion and interaction as well as individual projects and 

presentations by students. This paper covers aspects of the honors sections of the two 

classes taught by the authors; in particular the honors section of EGEE 101 Energy and 

the Environment taught by the lead author in Fall 2005 and 2006.  

 

EGEE 101H:  Energy and the Environment 

 

This course satisfies the general education natural science requirement of Penn State 

University. It is typically taken by non-science majors as most science majors would have 

already satisfied this requirement with required courses in chemistry, physics and 

biology. However, a significant number of science-based majors still take this course. 

The course has no prerequisites and is offered in the Fall and Spring semesters. 

 

The main objectives of this course are to: 

• provide basic understanding and appreciation of energy and environmental concerns 

• analyze energy consumption patterns 

• discuss various energy resources that power the modern society 

• examine energy conversion processes 

• explore interrelationships between energy use and industrial progress and 

environmental consequences 

• discuss sustainable future energy alternatives and conservation methods 

 

The course is typically broken into four units: 

Unit 1: Energy fundamentals that covers forms and uses of energy, supply and demand, 

and energy conversion and efficiencies 

Unit 2: Nuclear and renewable energy that covers nuclear energy and such renewable 

options as wind, geothermal, hydropower, ocean and tidal, solar, biomass, and 

hydrogen and fuel cells. 

Unit 3: Non-renewable energy- coal, petroleum, natural gas, oil shale and tar sands 

Unit 4: Environmental impact that discusses the environmental and health and safety 

impacts of non-renewable and renewable energy options. 

 

A sample schedule for a course that meets twice a week for 75 minutes per class session 

is shown in Table 1. 
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 Table 1: Sample EGEE 101H Class Schedule  

 

Weeks  Unit    Topic(s) 

  

1-3 1 (Energy Fundamentals) Introduction to Energy; Forms of Energy; 

Uses of Energy; Energy Efficiency 

Supply and Demand 

 

4-7  2 (Renewable Energy) Wind and Geothermal; Hydro, Ocean, Tidal; 

Solar; Biomass; Fuel Cells; Nuclear Energy  

 

8-11  3 (Fossil Fuels)   Fossil Fuels Overview; Coal; Petroleum/ 

Crude Oil; Natural Gas; Oil shale & tar sands 

 

12-15  4 (Environmental Impact and Project Presentations) 

 

In the honors section class, in addition to the enhanced interaction and open discussions 

on the topics, each student is required to develop expertise in one subject area of the 

class. Students are required to prepare a 30-minute PowerPoint presentation (20 minutes 

presentation and 10 minutes question and answer session) on their project topic and to 

deliver it in class. The presentation is evaluated by their peers and the instructor. An 

electronic copy of the presentation is submitted through a drop box in the course 

management site (ANGEL) that is accessible to all students. The quality of the student 

document and presentation material is judged especially on how current or up-to-date 

the data/information is and the extent or level of internationalization/globalization of 

the data (i.e., how far the data presented goes beyond the US and incorporates 

information/data on the rest of the world). Typically the project is weighted 20 % of a 

students overall grade. As the instructor and student presentations are accessible to all 

students, they are responsible for all material covered by the instructor and students for 

all exams including the final exam. This encourages students to attend class and 

participate in the class presentations and discussions.   

 

Sample topics or projects that students have previously chosen from are given in Table 2. 

 

 

 Table 2: Sample EGEE 101H Student Project Topics 
 

 

1. Energy Supply and Demand  2. Wind Energy 3. Geothermal Energy 

4.   Hydroelectric Energy   5. Solar Energy 6. Tidal and Ocean  

7. Biomass/Bioenergy   8. Fuel Cells  9. Coal 

10. Petroleum/Crude Oil   11. Natural Gas 12. Oil Shale & Tar sands 

13. Environmental Impact   14. Nuclear Energy 15. 2005 US Energy Act  

16. Materials for energy applications 17. Electric power 18. Other 
 

Students are expected to make presentations that are substantially different from the class 

lecture notes provided online to all students. They may however expand on the lecture 

notes provided in ANGEL, if available, and focus in their presentations on such topics as: 
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• The cause or source of the energy  

• The reserves and resources of the energy 

• The mechanism/technology for conversion of the energy 

• Production rate 

• Consumption/usage rate (e.g., total and per capita) relative to other sources of 

energy 

• Specific applications or uses of the energy and their percent distribution 

• The historical trend in cost and usage 

• Historical setbacks or accidents on its production and usage 

• Future of the energy source 

• Societal or environmental impact 

• Relation of the supply and demand to population and industrialization 

• Personal statement or impression/summary after completing the project and 

developing expertise on the specific topic studied. 

 

Students are encouraged to consult with the instructor as much as possible and to strive to 

be the expert and most current and reliable resource for information on their topic. The 

project based learning is to promote independent thinking and analysis, creativity, and the 

organization and presentation of thoughts and material learned.   

 

 

Sample Student Projects/Presentations 

 

Sample student project presentation on the 2005 US Energy Act is given at the end of the 

paper in Figure 1. Also shown in Figure 2 is a project on Biomass/Bioenergy. A summary 

of some of the personal opinions/conclusions provided after their research is given in 

Figure 3. Before each presentation, students were given an evaluation sheet shown in 

Table 3 to evaluate their peers on the project and presentation.  

 

Student Evaluations of Projects and Course 

 

Shown below are the mean values of the student’s feedback reported at the end of the 

course in Fall 2005 semester on a scale of 1 to 7 with seven being the highest score.  

 

1. Overall quality of the course:       6.00 

2. Overall quality of the instructor:        6.33 

3. Clarity of the instructor's presentations:       5.83 

4. Instructor's willingness to help students make progress:     6.17 

5. Instructor's skill creating a climate conducive to learning:    6.17 

6. Adequacy of the instructor's knowledge of the subject matter:    7.00 

7. Instructor’s preparation for class:        6.67 

8. Course organization in terms of logical arrangement of material and activities:  6.67 

9. Instructor's skill in encouraging students to think:     6.50 
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Typically comments and responses to three specific questions asked students at the end of 

the course included: 

 

a. What did you like most about the course? 

 

Student presentations; independent research projects; small class size and 

interactions; wide range of interesting topics; learning new materials; great instructor; 

online notes; the professor; in class demonstrations; fun, friendly and interesting 

learning environment; puzzles, homework and exam format 

 

2. What did you like least about the course? 

Tedious/lengthy homework; fast pace sometimes; too much material (but interesting); 

no book; math and equations; exam format 

 

3. What suggestions do you have for improving the course? 

More movies/films, videos, and in class demonstrations; have textbook; less 

homework; less math; make it more challenging 

 

Some of the comments sound contradictory. This reflects the mix and wide range of 

backgrounds of the students. In particular, non honors students are allowed to register for 

the course after registration of honors students. Clearly, however, the positive 

experiences far outweigh the negative experiences in terms of number and intensity. 

Table 3: Evaluation Sheet for EGEE 101 H Student Project and Presentations 

Name of Student Presenting_____________________    Project Title________________ 

 

Grade each of these on a scale of 1 (poor) – 5 (Excellent).  

                        Poor                  Excellent          

1. How informative was the presentation?             1     2     3    4    5 

2. How knowledgeable and confident was the presenter?           1     2     3    4    5 

3. How much do you think the presenter put in the preparation?          1     2     3    4    5 

4. How effective was the presentation?             1     2     3    4    5 

5. How current was the data/information presented?          1     2     3    4    5 

6. How global or international was the data presented?          1     2     3    4    5 

7. Circle the words you would you use to describe the presenter? You may circle more than one.         

 Nervous Uncomfortable  Lacks knowledge  Unprepared 

 Confident Comfortable  Knowledgeable  Prepared 

8. Circle the words you would you use to describe the presentation. You may circle more than 

    one.          

 Unorganized     Duplicates class notes Old Data Little data outside US 

 Organized Detailed Informative   Presented sufficient data outside US 

      (New data)            (Global/International) 

9. Other comments 
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Summary and Conclusions 

 

In summary, through project-based pedagogy, teaching and learning in an energy and the 

environment general education course were enhanced as evidenced by student 

evaluations. The class, over the two year period 2005-2006, showed a remarkable level of 

growth, excitement, and interest of students. Student presentations showed enhanced 

teaching and learning. Student evaluations and comments indicated the project to be the 

part of the course students liked and enjoyed most. The approach enabled students to 

develop expertise in an aspect of energy and the environment, through project-based 

pedagogy, while learning from the professor and peers. In particular, the course structure 

enabled a broad range of topics such as the 2005 US Energy Act and aspects of some 

topics that would not have been covered in class to be researched and presented by 

students. This significantly broadened the depth of knowledge gained by students and the 

overall effectiveness of the course.  
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Figure 1. An Example of Student’s presentation on 2005 Energy Act 
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Figure 2. A Student’s Presentation Illustrating the Depth of Research 
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Figure 3. Summary of some of the personal opinions/conclusions provided by 

students 
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