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ABSTRACT 

The purpose of the project is to develop, initiate, and evaluate a grade 6 energy 

education program for the Midwest Renewable Energy Association's solar energy trailer, 

Sun Chaser. During these times oflimited educational budgets and financial cutbacks it 

is almost impossible for a teacher to independently develop or purchase large scale 

instructional materials. This project offers an energy education program that is a scaled 

down version of energy saving and renewable energy devices one would find in a home. 

The Sun Chaser educational program was created to perform two tasks. First, the 

Sun Chaser educational program could be used with a group of high school student 

instructors. This method proved successful for both the sixth grade students and the high 

school students involved. Scores on tests taken by the sixth grade students indicated an 

increase for understanding the intended learner outcomes of the program. Second, the 

Sun Chaser educational program can be used in conjunction with the user manual The 

user manual gives directions for the set-up of all the equipment included in the program 

package and has an energy lesson plan section that helps teachers develop an energy unit. 

The program can be improved in several ways. There could be the acquisition 

and implementation of equipment that would allow the Sun Chaser to be used for long

term experiments. This would require a computer, sensing equipment, and the 

appropriate software. Once the equipment is in place, experiments monitoring light 

intensity and solar panel output could be conducted. Also, it is important that a vehicle is 

dedicated for pulling the Sun Chaser. At times it was difficult to get the Sun Chaser to 

locations due to the lack of a vehicle. Finally, it will be important to expand the Sun 

Chaser educational program promotions will be necessary. Because of the high level of 

satisfaction with the program from the teachers involved I feel that the program will be a 

success once it develops a following. 
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I. INTRODUCTION 

A. THE PROBLEM AND ITS SETTING 

PROBLEM STATEMENT 

The purpose of the project is to develop, initiate, and evaluate a grade 6 energy education 

program for the Midwest Renewable Energy Association's solar energy trailer, Sun Chaser. 

SUBPROBLEMS 

I. Develop the learner outcomes for a grade 6 energy education program for the 

Midwest Renewable Energy Association's solar energy trailer, Sun Chaser. 

2. Coordinate and compile appropriate existing energy lesson plans. 

3. Review related literature pertaining to the Sun Chaser. 

4. Create a Sun Chaser user manual. 

5. Create an assessment instrument to evaluate the perception of the teachers 

regarding the effectiveness of the program. 

6. Initiate an energy education program for the Midwest Renewable 

Energy Association's solar energy trailer, Sun Chaser, by creating and 

distributing promotional material to local schools. 

7. Evaluate the achievement ofleamer outcomes of students participating in the energy 

education program for the Midwest Renewable Energy Association's solar energy trailer, 

Sun Chaser. 

8. Prepare a team of high school students to teach (using) the Sun Chaser program. 

9. Create a lesson for use with the high school student teaching sessions. 



B. RATIONALE 

During these times oflirnited educational budgets and financial cutbacks it is almost 

impossible for a teacher to independently develop or purchase large scale instructional materials. 

This project offers an energy education program that is a scaled down version of energy saving 

devices one would find in a home. Having these demonstrations available as an instructional aid 

teaches the students the viability of renewable energy. 

Teachers often will not use materials that are difficult to operate or complicated to use. 

This project will create a program that can either be delivered and used independently by the 

teacher because of the supplemental materials that will be developed or it can be brought to the 

school as a educational program that will be performed by MREA staff Either way the teacher 

will be given a choice as to how much effort they will need to make. 

For our planet to survive we must start making strides towards relinquishing our 

dependency on fossil fuels and harness our needed energy through renewable means. Often 

people are reluctant to give up fossil fuel use because of its ease to use. Hopefully this project 

will bring to light the viability of using renewable energy sources and technology to meet our 

energy needs of the future. 
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C. BACKGROUND 

IMPORTANCE OF ENERGY EDUCATION 

Energy has been on people's minds since the 1970's when gas prices rose due to 

the shortage of oil. Over time the gas line memories may have faded but the problem did not go 

away. Recently several events have brought energy back to people's minds. In 1992 the world 

leaders met to talk about the consequences of burning fossil fuels at the Earth Summit. The 

United States went to war with Iraq because of our dependency on oil. Most recently during the 

summer of 1998 many large cities like Milwaukee had black-out warnings during warm days. 

Considering that fossil fuels are a finite resource our answer to the energy problems we face lie in 

increased energy efficiency and harnessing our energy through renewable sources. 

The 1990 NEED energy poll indicates that while secondary students feel that they are 

energy conscience they lack the knowledge of energy concepts to make wise energy decisions. 

The results indicate a need for more energy education at the secondary level. A lack of energy 

knowledge was also apparent at the middle school level. The middle school students also had an 

understanding of the importance for energy conservation but did not have adequate understanding 

or scientific background knowledge to support their ideas (NEED, 1990). 

Energy education is critical due to the fact that many important energy decisions are going 

to be made in the near future (Stein, 1998). If the populous is not adequately informed about 

energy concepts they will not be able to make informed decisions when it comes to replacing 

fossil fuels as a primary energy source. 

ENERGY EDUCATION IN WISCONSIN 

Energy education in Wisconsin is growing due to new resources, increased participation in 

energy programs, energy utilities focusing on renewables, and continued growth of renewable 

energy organizations. 
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One of the new resources now available to teachers is the K-12 Energy Education 

Program (KEEP). The KEEP guide was developed with the cooperation of the Energy Center of 

Wisconsin, Wisconsin Environmental Education Board, University of Wisconsin- Stevens Point, 

and the Wisconsin Center for Environmental Education (EE News, 1996). The KEEP guide 

contains many valuable energy lesson plans that apply to all grade levels. 

The Midwest Renewable Energy Association (MREA) was founded in 1990 with the 

mission of promoting renewable energy and energy efficiency through education and 

demonstration (EE News, 1996). Each year, usually on the summer solstice, the MREA hosts the 

Midwest Renewable Energy Fair. The energy fair focuses on the many forms of renewable 

energy, energy efficiency, and energy education. Since the first year of the energy fair in 1990 

attendance has gone up with the attendance of the 1998 fair at 12,000 people. 

One of the major suppliers of electricity in Wisconsin, the Wisconsin Public Service 

(WPS), began the Solar Wise for Schools program, which helps teachers teach energy education. 

The Solar Wise for Schools program also is responsible for placing solar panels on top of 

Wisconsin school buildings to be used as an educational resource. 

The Energy Center of Wisconsin is another source for energy education. They sponsor 

projects like the School to Work Energy Education Project (EE News, 1996) and the Energy 

Cycle program. 

Wisconsin has a rich history of energy education although much of it is still in its infancy. 

With continued commitment by the organizations and programs discussed above (and hopefully 

the Sun Chaser program) Wisconsin will grow even further in providing students with energy 

education. 

THE SUN CHASER EDUCATIONAL MODEL 

The Sun Chaser educational model will consist of two main parts. The first part is the 

actual Sun Chaser trailer which consists of a 4 foot by 8 foot enclosed trailer that has photovoltaic 

(PV) solar panels on the roof and batteries and an inverter inside. The second part of the Sun 
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Chaser educational model is the energy education curriculum materials emphasizing renewable 

energy. 

There are several reasons why the Sun Chaser with its photovoltaic systems are ideal for 

teaching about energy. Photovoltaic systems are relatively simple. They convert sunlight into 

electricity. PV systems work as long as there is sunlight. Because PV systems have no moving 

parts they last for a long time and are very reliable (Cook, Billman, Adcock, 1995). Also, since 

they are modular they can be matched to meet a variety of energy needs (Cook, Billman, Adcock, 

1995). PV systems can be used as independent power sources, or in combination with other 

sources (Cook, Billman, Adcock, 1995). 

The second part of the Sun Chaser educational model is the curriculum guide that 

accompanies the trailer. The curriculum guide will consist of lesson plans that pertain to energy, 

energy efficiency, and renewable energy. Since the curriculum is for fourth through eighth 

graders it is important that the lesson plans be consistent with their ability levels. According to 

the K-12 Energy Education Program 1997, the major energy themes are ''we need energy," 

"developing energy resources," effects of resource development," and "managing energy resource 

use." For the theme of ''we need energy" the students should be able to be at the "developed" 

level in regards to the theme by fifth grade and "mastered" by eighth grade (KEEP, 1997). For 

the themes of"developing energy resources," "effects ofresource development," and "managing 

resource us," students should be at the "introduced" level for these themes from grades three 

through five and be at the "developed" level in grades six through eight (KEEP, 1997) The Sun 

Chaser curriculum structure will be consistent with the KEEP scope and sequence. 

DEVELOPING LEARNER OUTCOMES FOR THE SUN CHASER 

Justifying and assessing learner outcomes is important for the Sun Chaser to be successful. 

For evaluation to be successful it is essential that the instructor have predetermined behavioral 

objectives for the students. Thus, the teacher should plan in advance what desirable behavior they 

want the student to achieve (Chiwona, 1983). Once the goals of the lesson are clearly defined the 
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instructor may use many variations of assessment techniques to determine whether the learner 

outcome was achieved (Chiwona, 1983). 

The assessment technique used needs to be consistent with the desired outcomes of the 

program. Much of the curriculum to be used in the program will attempt to be in line with the set 

of objectives developed at the 1977 Tbilisi Intergovernmental Conference on Environmental 

Education which are awareness, knowledge, attitudes, skills, and participation (Hungerford, 

Peyton, and Wilke, 1980). Any assessment measures used will, therefore, be geared towards 

measuring the achievement of objectives based on these goals. 

PROMOTING AND MARKETING A TRAVELING EDUCATIONAL PROGRAM 

For the Sun Chaser program to be successful it must be a known and readily available for 

teachers. Although Cleveland's Nature Tracks program is promoted by word-of-mouth, it is 

successful because of the quality programming. The program strives to improve and provide an 

excellent service to teachers and students. The Sun Chaser program will not rely primarily on 

word of mouth to promote itself but teachers spreading the word of a program is an important 

and effective consideration. 

According to the Manitoba Department of Education and Training one of the keys to a 

successful program is that it reflects the needs of the community. Because of restricted budgets it 

is often not possible for teachers to acquire large pieces of equipment. Therefore the Sun Chaser 

provides an excellent source for renewable energy demonstation. Also, for a program to be 

successful it must allow input from all program partners. This allows the program to grow in the 

right directions and in a way that is consistent with the needs of the teachers and community. 

EVALUATING EFFECTIVENESS OF A TRAVELING EDUCATIONAL PROGRAM 

Once the Sun Chaser program is initiated it is important to evaluate the effectiveness of 

the program. There are several key factors that should be considered when evaluating the 

effectiveness of a traveling educational program. One key factor is to ensure that the evaluation 

6 



is measuring the extent to which the goals of the program have been reached (Stapp, 1973). 

Also, once the effectiveness of the program has been assessed it is important to recognize and 

overcome any program constraints (Stapp, 1973). 

For an evaluation method to be effective it must be thorough and flexible (Brainer, 

Williams, 1995). In the paper Evaluating the Effects of Environmental Science Programs on 

Teachers, Students and Communities (Part IL· Partnering/or Elementary Environmental 

Science Program) Deborah Brainer and Don Williams used a variety of evaluation techniques 

that allowed for many different avenues of input. They also had a delayed evaluation, that took 

place one year after their institute, in order to assess any long term effects of the program. 

PREPARING HIGH SCHOOL STUDENTS AS PROGRAM INSTRUCTORS 

Part of the Sun Chaser educational program includes the opportunity for teachers to have 

the Sun Chaser brought to their school and have an educational program given to their students. 

The instructors for the program were Wausau East High School Environmental Science students. 

There are several essential elements to the preparation of the high school students as 

instructors. The high school students must be able to work well as a group, be familiar with the 

material and lesson and be prepared to meet the needs of the audience (Wolverton, 1994). 

The ability of the team to work well together is dependant on how the team is initiated and 

maintained. The teaching team should have a "clarity of purpose" (Vaill, 1982). In other words 

the team should all be familiar with the goals and objectives of the task they are to be completing. 

Having an understanding of the objective eliminates the ambiguity of the of the team's task. Peter 

Scholtes, who wrote the book The Team Handbook, said there are ten ingredients to a successful 

team. They are: 

l. Clarity of team goals 

2. An improvement plan 

3. Clearly defined roles 

4. Clear communication 
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5. Beneficial team behaviors 

6. Well - defined decision procedures 

7. Balanced participation 

8. Established ground rules 

9. Awareness of the group process 

10. Use of the scientific approach. 

Beyond working well as a team the high school students need to have a firm 

understanding of the material and lesson. Good teachers "know their subject and are willing to 

explain things in several ways in order to get the point across" (Quina, 1989). Effective teaching 

is rooted in "Leaming content, the skills of planning, instructional delivery, management, and 

professional decision making ... " (Quina, 1989) 

Once the team is established and the lesson material is understood by the high school 

group it is important to consider the needs of the group that is being taught. The group the high 

school students worked with are Horace Mann Middle School students. To be more specific they 

were sixth graders. Sixth graders go through a great deal of physica~ social, and emotional 

development at that stage in their life (Lounsbury, 1988). One of the priorities of that age group 

is socialization (Lounsbury, 1988). For the lesson to identify to the sixth grade age group 

participation within the lesson should be non-threatening due to the awkwardness of the age level. 

Although the sixth grade students have a high need for socialization, participatory activities may 

be inhibited by their insecurities about themselves and their position within their peer group 

(Lounsbury, 1988). 
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SUMMARY 

The need for energy education is apparent. We are currently relying on fossil fuels that 

will eventually run out. Fossil fuels also, when used, are responsible for much of the 

environmental problems. For us to maintain our lifestyle in the future it is important to learn and 

understand energy efficiency and renewable energy sources. 

The literature review indicates that Wisconsin is making strides in the area of energy 

education. There are several organizations making an effort to educate the public on energy 

concepts and concerns while other organizations are creating teaching materials that can be used 

to teach the next generation of energy consumers. The Sun Chaser energy education program 

will be part of an energy education process. 

In order for the Sun Chaser energy education program to be successful it is important for 

it to create an evaluation method that is consistent with the intended learner outcomes for the 

program. Also, it is necessary to evaluate the Sun Chaser based on the program goals. 

· The literature indicates that for an educational program to be promoted and marketed well 

and it must meet the teachers needs. 

When coordinating a high school teaching team it is important to consider how the team 

functions as a group, how well they are prepared, and recognition of audience. 
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D. HYPOTHESIS 

There will be an increase in energy education knowledge subsequent to the participation of 

the grade 6 students in the Sun Chaser program Additionally, after using, observing, or 

participating in the Sun Chaser educational program teachers will perceive the program as an 

effective means by which to teach students about energy. 

LIMITATIONS 

* The project will not assess the need for itself prior to initiation. 

* The project will be limited to instruction in grades 6. 

* The project will not include creating new lesson plans. 

* The project will limit its subject matter to that related to energy. 



E. DEFINITIONS OF TERMS AND ASSUMPTIONS 

DEFINITION OF TERMS 

Develop - The project will result in the creation of a user manual that 

contains operating instructions for the Sun Chaser and a curriculum 

guide that contains lesson plans associated with renewable energy. 

Initiate - Initiating the project involves developing informational materials, 

contacting teachers, and scheduling school visits. 

Evaluate - After each teaching session the lesson will be evaluated by the 

Sun Chaser instructors and the schools cooperating teacher for 

effectiveness. 

Sun Chaser - A trailer with photovoltaic solar panels, batteries, and an 

inverter which allows it to be used as a portable power source. 

Midwest Renewable Energy Association - A nonprofit organization based in 

Amherst Wisconsin committed to promoting renewable energy and energy 

efficiency. 

Local Schools - A local school is one that is within 45 minutes of Wausau 

ASSUMPTIONS 

1. Schools will want to have the Sun Chaser brought to their school. 

2. It is possible to get the Sun Chaser to the schools. 
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II. METHODOLOGY 

First Subproblem 

Develop the learner outcomes for a grade 6 energy education program for the Midwest 

Renewable Energy Association's solar energy trailer Sun Chaser. 

Procedure - A survey of existing energy curriculum was conducted. The main sources for 

scope and sequence of energy curriculum was the Solar Wise for Schools curriculum, Energy 

Technology and Society curriculum, and the KEEP Energy guide. The format for the learner 

outcomes was modeled after curriculum guides such as Project Learning Tree, Project Wild, and 

Project Wet. It was determined that the use of commonly used curriculum guides was important 

for proper development of learner outcomes for the Sun Chaser program because they would then 

be structuted after familiar materials teachers have previously used or have shown a preference 

for. 

Learner outcomes for the Sun Chaser program were then chosen based on the following 

criteria: 

a. consistency with the goals of the Midwest Renewable Energy Association 

b. appropriate for the sixth grade level 

c. achievable within a forty five minute lesson period 

d. ability to be assessed 

e. fit within the themes of what is energy, uses of energy, sources of energy, 

environmental consequences of energy use, energy conservation and renewable 

energy. 

Once the learner outcomes were developed they were included in the Sun Chaser user manual 

(Appendix A). 
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Second Subproblem 

Coordinate and compile appropriate existing energy lesson plans. 

Procedure - A search was conducted for curriculum and lesson plans pertaining to energy. 

Many sources were considered: 

* University of Wisconsin - Stevens Point Library 

* Wisconsin Center for Environmental Education 

* Solar Wise for Schools curriculum 

* K-12 Energy Education Program Curriculum 

* Materials at the Midwest Renewable Energy Association 

* Energy Center of Wisconsin office. 

Lessons were chosen and arranged based on their ability to fit into the suggested scope and 

sequence of the KEEP conceptual guide. The three proficiency levels the lessons had to fit into 

were introduction, development and mastery. At the sixth grade level KEEP suggests that the 

students be able to master why "we need energy" and have a developing proficiency in 

"developing energy resources," "effects of energy resources development," and "managing energy 

use." With these things in mind the lesson plans were placed in the sun chaser user manual 

(Appendix A). 

Once the lessons were gathered they were placed within the Sun Chaser manual under the 

"What is energy," "How do we use energy" and "Renewable energy solutions" categories. Then 

a cross-reference guide was created so the teachers could chose lessons that fit their needs. The 

cross-reference guide was based on the broad science subjects of life science and physical science. 

The reason for the importance of the cross-reference guide is for ease of use for the teachers. In 

conversation with other teachers it was determined that for the lesson plans to be user friendly 

they needed to be arranged in a way that it would be quick and easy for teachers to pick up and 

use without a large amount of preparation time. 
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Third Subproblem 

Review related literature pertaining to the Sun Chaser. 

Procedure - A search for literature pertaining to the importance of energy education, 

energy education in Wisconsin, the Sun Chaser model, developing learner outcomes for the Sun 

Chaser, promoting and marketing an educational program, evaluating effectiveness of an 

educational program, and developing a teaching team for the Sun Chaser. The sources for 

information were books, journals, and other periodicals. The following resources were used to 

find materials: 

1. Educational Resources Information Center (ERIC) On-line Data Base, 

2. Dissertation Abstracts, 

3. University of Wisconsin- Stevens Point Learning Resources Center On-line Catalog, 

4. Personal Library 

5. Wisconsin Center for Environmental Education Library, 

6. Midwest Renewable Energy Association Library. 

Fourth Subproblem 

Create a Sun Chaser user manual. 

Procedure - One of the intentions of the sun chaser educational program is for it to be 

used as a stand-alone unit or unaccompanied by student instructors. For the program to be user 

friendly a manual (Appendix A) was created to assist the teacher. Included in the manual are the 

description and set up of the trailer, set up and description of instructional materials contained in 

the trailer, a lesson plan (Appendix B) that the high school students use with the trailer, learner 

outcomes, cross reference guide for lesson plans and energy lesson plans that the teachers can use 
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with the Sun Chaser (for a discussion oflesson plans and the cross reference guide see 

subproblem 2). 

When creating th~ section of the manual for the description and set up of equipment a 

digital camera was used to take pictures of the trailer, parts of the trailer, the energy cycle, parts 

of the energy cycle, and the instructional felt story board that was made (see subproblem 9 for a 

discussion of the instructional equipment). 

The manual was arranged by the following sections: 

Table of contents 

Section 1 - Description of the sun chaser, set up of the sun chaser and description of Sun 

Chaser educational materials. 

Section 2 - Sun chaser lesson plan and learner outcomes. 

Section 3 - Lessons pertaining to general energy concepts. 

Section 4 - Lessons pertaining to energy use and energy conservation. 

Section 5 - Lessons pertaining to renewable energy. 
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Fifth Subproblem 

Create an assessment instrument to evaluate the perception of the teachers regarding the 

program. 

Procedure - A "Sun Chaser Educational Program Survey" (Appendix C) was created to 

assess the teachers perception of the effectiveness of the program. The purpose of the survey was 

for the continued improvement of the sun chaser program in meeting the needs of the Sun Chaser 

users. 

The first question "How did you hear about the Sun Chaser Program?" was intended to 

assess and improve the advertising of the program. Finding out how teachers learn about the 

existence of the program will help us streamline our advertising techniques, which will save on 

time and resources. For a discussion on how we promoted the Sun Chaser prior to the survey see 

subproblem six. 

The question "What educational topics did you cover using the Sun Chaser?" was 

intended to get an overview of what energy curriculum is being covered in the schools. Once an 

idea of what common topics are being taught in the schools, the sun chaser user manual lesson 

plans and cross reference guide (Appendix A) can be changed to meet the needs of the teachers. 

The question "Did you perform a pre-unit and/or post-unit? If so what were they?" was 

intended to determine the background and follow-up of instruction regarding the use of the 

Sun Chaser. Knowing the amount of background and follow-up of energy lessons before and after 

the use of the Sun Chaser will allow the improvement of the scope and sequence of energy 

curriculum associated with the use of the sun chaser user manual. Also, the information from the 

question will help determine which age groups should be targeted for using the Sun Chaser in the 

future. 

The question "Did you use the Sun Chaser in a unit that already existed or did you create 

a new energy unit specifically for the Sun Chaser?" was intended to determine the level of 

inclusion of the sun chaser in the classroom curriculum. Knowing if the Sun Chaser was used as 
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its own unit or part of another unit will help guide the amount and type of support materials that 

should be part of the program. 

Questions "How would you rate the Sun Chaser as an education tool?" and "How would 

you rate the Sun Chaser instructional program?" included a Likert-type scale. The scale ranged 

from one to ten with ten being poor and one being excellent. The questions were intended to give 

the program survey a quantitative aspect. Having a quantitative scale included in the survey will 

allow a measurement of improvement while the program is being changed to meet the identified 

needs of the rest of the survey questions. The first question specifically asks about the Sun 

Chaser trailer as an educational tool while the second question asks about the entire program 

including the support materials. 

The rest of the questions on the survey are intended to cover any ideas that the teachers 

may have for improvement of the program or whether they felt like they received adequate 

support when using the sun chaser in terms of delivery and materials. 

Sixth Subproblem 

Initiate an energy education program for the Midwest Renewable Energy Association's 

solar energy trailer Sun Chaser by creating and distributing promotional material to local schools. 

Procedure - A pamphlet (Appendix D) was created that highlighted the Sun Chaser 

educational program. The Pamphlet was distributed to schools within a forty-five minute radius 

of Wausau East High School in Wausau, Wisconsin with a total of205 pamphlets sent. Each 

pamphlet contained a return leaflet for teachers to reserve the Sun Chaser, schedule a program to 

be conducted at their school, or receive more information. 

The mailing list for the pamphlets was generated using an already existing mailing list. It 

was determined the mailing would be most successful if it was sent to teachers that have already 

exhibited an interest in teaching or learning about energy. Teachers were identified using the 

Midwest Renewable Energy Association's database. The database was set up to give the name 
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and address of individuals that are teachers and live in areas within forty five minutes of Wausau. 

The reason for restricting mailing to a forty-five minute radius was for logistics. In order to be 

able to use student instructors from the high school we had to restrict travel time for the program. 

Seventh Subproblem 

Evaluate the achievement oflearner outcomes by students participating in the energy 

education program for the Midwest Renewable Energy Association's solar energy trailer, Sun 

Chaser. 

Procedure -To evaluate the achievement oflearner outcomes of the energy program a 

pre-test (Appendix E) and post-test (Appendix E) was created and distributed to the students 

participating, which were the four sixth grade teams at John Muir Middle School. The pre-test 

and the post- test were designed to be easy to use for both the classroom teacher and the student 

involved. To be easy to use the tests contained the same ten questions. Only ten questions were 

used in order for the tests to be non-intrusive for the classroom teacher. If the tests were too long 

or overly involved it was thought that they would not be used or the students taking the tests 

would lose interest and not give authentic answers. 

The pre-test was sent to the school no later than two weeks prior to the arrival of the Sun 

Chaser. Because the pre-test and post-test included the same questions sending the pre-test two 

weeks was intended to reduce the impact the pre-test had on the post-test results. 

The test questions were arranged by topics covered in the lesson (Appendix B) the high 

school students used when instructing the sixth grade students. Questions one through five were 

on energy background knowledge including the definition of energy and the different sources of 

energy. Question six was intended to determine student understanding regarding environmental 

impacts related to energy use. Question seven focused on solution in energy conservation. 

Questions eight and nine measured the knowledge of solar energy systems. Finally, question ten 

was intended to measure the extent to which the students gained knowledge about personal 

energy saving actions. 
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Eighth Subproblem 

Prepare a team of high school students to teach using the Sun Chaser program. 

Procedure -The preparation of the high school student teaching team was conducted in 

the following stages: 

1. Determine students to be involved. The students involved in the program were part of 

the Wausau East High School Environmental Science class. Students enrolled in the 

Environmental Science class are required to conduct two independent projects. The 

Sun Chaser project was one of the options they could have chosen to fulfill the class 

requirement. In order to attract high school students to the program it was counted as 

two projects, thus fulfilling their independent project requirement. An additional intent 

of the procedure was for the students to choose the Sun Chaser as their project by 

themselves and not have the project chosen for them. Hopefully, if the students chose 

the project they will have a higher willingness to perform. 

2. Have the high school students review basic energy concepts such as solar energy, the 

photovoltaic effect, electricity, energy transfer, the environmental effects of energy 

use, alternative energy sources and personal energy conservation methods. Reference 

materials were readily available either in their textbook, the classroom or the 

instructor's personal library. 

3. Train the students on how to use the program equipment and instructional materials. 

Students were shown the sun chaser and had the parts explained to them. They were 

expected to explain the Sun Chaser and its parts to the coordinating teacher on several 

occasions in order to assess their understanding. Students were shown the set up and 

working of the energy cycle. Time was allowed for the high school students to 

practice setting up and using the energy cycle. The students set up and used the 

energy cycle four times before they expressed they were comfortable with the 
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procedure. The use and intent of the felt story-board was explained once and the high 

school students expressed that they were comfortable with the information. Finally, 

the students were given the lesson plan they were going to use. The students then 

divided the lesson into areas ofresponsibility for each student participant. This was 

done through mutual agreement and consensus. Practice time was allowed for the 

students in order to polish their delivery. 

4. Practice teaching and lesson delivery technique. The high school students modeled the 

lesson for the course teacher and then the Environmental Science class. After each 

performance the project students and the course teacher conducted a small group 

discussion to determine strengths and areas of improvement. Also during the 

discussions the course teacher gave teaching tips for working with sixth grade 

students. 

5. On site evaluation. After each lesson the high school students taught to the sixth 

grade students there was time to conduct a small group discussion on improving the 

lesson. Ideas were shared in the group on what worked and what did not in terms of 

equipment use, lesson transitions, and group management. 
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Ninth Subproblem 

Create a lesson for use with the high school student teaching sessions. 

Procedure-A lesson plan (Appendix B) was created following the suggested scope and 

sequence included in the K- 12 Energy Education Program. The lesson was also designed to fit 

within a forty-five minute time period. The importance of the time restriction is that most class 

periods in schools are about forty eight to fifty minutes long. For a lesson to be successful and 

usable it was important to consider the class period length when designing the lesson 

Materials were coordinated and created for the lesson. Most of the materials for the 

lesson already existed at Wausau East High School and it was only a matter of placing them in a 

box to be made available for the program. A felt board that was used to create a story was built 

through the Talent Shop, which is a business in Wausau that contracts retired people to build 

things (for a picture of the story felt board see the sun chaser manual appendix A). The Talent 

Shop was chosen to build the story-board because of the quality of work, affordable price and the 

support of a non-profit organization. 
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III. RESULTS 

First Subproblem 

Develop the learner outcomes for a grade 6 energy education program for the Midwest 
Renewable Energy Association's solar energy trailer, Sun Chaser. 

Results -After considering the criteria listed in the methodology the following learner 
outcomes were developed: 

I. Students will be able to define energy, as well as understand the different forms of energy 

and how energy is transferred. 

2. Students will be able to understand how and when they use energy, the types of energy 

they use and the sources of their energy. 

3. Students will be able to understand the environmental results of their energy use, 

especially pertaining to acid rain, global warming, water resource degradation, ozone 

depletion, smog and ground water pollution. 

4. Students will be able to: 1) develop an understanding of energy conservation and methods 

they can enact in their lives; 2) define and understand the value of using wind generated 

power, biomass, geothermal and solar energy. 

Leamer outcomes were consistent and successfully met the criteria established in the 

methodology of subproblem one. The first criteria was that the learner outcomes be 
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consistent with the goals of the Midwest Renewable Energy Association (MREA). The 

MREA's mission statement is: 

"The Midwest Renewable Energy Association is a non-profit network/or 

sharing ideas, resources, and information with individuals, businesses, and 

communities to promote a sustainable future through renewable energy and 

energy efficiency. " 

The fourth learner outcome heavily stresses renewable energy as an alternative to 

conventional fossil fuels and energy conservation, which is consistent with the MREA's section of 

their mission statement that says "promote a sustainable future through renewable energy and 

energy efficiency." 

The second criteria was that the learner outcomes be appropriate for the sixth grade level. 

This criteria was met based on the results of the pre-test and post-test (Appendix E). Scores from 

the tests indicate an increase in learning but not that the information was so easy that abnormally 

high scores were generated. The average percent of the pre-test questions one through nine is 

54% and the average percent of the same questions on the post-test is 80%. Results indicate an 

increase in learning without over-simplification. 

The third criteria was for the lesson fit into a forty five minute period. After teaching four 

times the high school student instructors found that each time they were running longer and 

longer. They felt that the more times they taught the material the more comfortable with the 

information they became. After becoming more comfortable with the information they tended to 

increase group participation with the sixth graders and increase the length of each portion of the 

lesson. The results were that the length for the first lesson was about thirty-five minutes and the 

23 



length of the last lesson being about fifty minutes in length. There are many factors that will 

influence the length of a lesson, especially one that is given outside. Some factors may be: 

I. teacher preparation 

2. equipment readiness 

3. group dynamics of students being taught 

4. Knowledge background of students being taught 

5. weather 

6. time of day 

7. day of the week. 

Considering the many influences and factors that may influence lesson length it seems that the 

time period the lesson took in the Sun Chaser unit was adequate in meeting the learner outcome 

criteria. 

The fourth criteria was that the learner outcomes were able to be assessed. This criteria was 

met through a pre-test and post-test (Appendix F). 

The fifth criteria called for the learner outcomes to fit within the themes of what is energy, 

uses of energy, sources of energy, environmental consequences of energy use, energy 

conservation and renewable energy. Learner outcomes for the sun chaser educational program fit 

well within the fifth criteria. 
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Second Subproblem 

Coordinate and compile appropriate existing energy lesson plans. 

Results-Lesson plans were compiled and placed in the Sun Chaser user manual (Appendix 

A). Compiling the lesson plans proved to be easy. Most of the lesson plans came from the K-

12 Energy Education Program Curriculum and the Solar Wise for Schools curriculum. Both 

sources were very cooperative when asked for permission to copy the lessons for the manual. 

Permission was granted with the understanding that the Sun Chaser manual is a single entity and 

will not be reproduced for other organizations or individuals. From those two sources twenty

three lessons were identified and placed in the Sun Chaser user manual. 

Lessons were to fit into three main categories which are lessons pertaining to general energy 

concepts, lessons pertaining to energy use and energy conservation, and lessons pertaining to 

renewable energy. After the lessons were divided into the three categories they were identified as 

emphasizing life science concepts, physical science concepts, or both. There were six lessons that 

fit into the "lessons pertaining to general energy concepts" category with four being physical 

science oriented and two being life science oriented. Five lessons fit into the "lessons pertaining 

to energy use and energy conservation" category with two emphasizing physical science and three 

emphasizing both physical and life science. Twelve lessons fit into the "lessons pertaining to 

renewable energy" category with six pertaining to physical science and six pertaining to both life 

science and physical science. Overall it seems to be a collection of lesson plans that is both 

extensive enough and of good quality. 
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Third Subproblem 

Review related literature pertaining to the Sun Chaser. 

Results - A search for literature pertaining to the Sun Chaser program was conducted 

according to the procedure outlined in chapter IL Knowledge gained by the literature search was 

important in guiding the formation of the Sun Chaser educational program. The K-12 Energy 

Education Program Curriculum was especially important in the formation of the scope and 

sequence of the educational program which helped guide the lesson the high school students 

taught and thus the learner out comes of the sixth grade students. 

Fourth Subproblem 

Create a Sun Chaser user manual. 

Results -A manual (Appendix A) was created according to the procedure in chapter IL 

Section one of the manual contains the information necessary for the set up and care of the 

equipment in the Sun Chaser program. The pictures in section one were taken with a digital 

camera that is owned by the Wausau School District. The results of using the pictures are a more 

comprehensive and colorful instructional section. 

Section two contains the lesson plan (Appendix B) developed for the high school student 

instructors and the intended learner outcomes (Appendix A) of the program. The lesson plan 

gives a teacher an idea of how the equipment contained within the educational program can be 

used in the context of a teaching unit. Also, having the lesson plan in the manual could be helpful 

in assisting a teacher in developing their own scope and sequence of instruction. The learner 

outcomes will also help model scope and sequence for future instructors using the Sun Chaser 

educational program. 
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Once the teacher has an idea of a possible scope and sequence for ther energy unit, the 

manual contains twenty-three lessons arranged in three categories (see results and methods for 

subproblem two). Having twenty-three lessons to choose from gives the teacher flexibility in 

choosing lessons but not so many as to be overwhelming. 

After all the materials for the manual were coordinated they were placed in a three-inch 

three-ring binder. 

Fifth Subproblem 

Create an assessment instrument to evaluate the perception of the teachers regarding the 

program. 

Results-The assessment instrument (Appendix C) was created through the procedures 

indicated in chapter IL The survey results are somewhat inconclusive due to the lack of data 

generated. Although the program involved 118 students it only involved four teachers. The 

following are the results of the teacher survey: 

How did you hear about the Sun Chaser program? 

All teachers indicated that they learned about the program through a mailing. 

What topics did you cover using the Sun Chaser? 

All the teachers involved had their students taught by the high school students so the 

topics covered are the ones indicated in the Sun Chaser lesson plan (Appendix BJ. 
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Did you perform a pre-unit and/or post-unit? If so what were they? 

The Sun Chaser was not an independent unit for the teachers but rather an activity within 

an energy unit. The topics covered within their unit were very consistent with the scope 

and sequence of topics within the Sun Chaser education program. 

Did you use the Sun Chaser in a unit that already existed or did you create a new energy 

unit specifically for the Sun Chaser? 

The Sun Chaser was used within a unit that already existed for all four teachers. 

How would you rate the Sun Chaser as an educational tool? (A Likert-type scale was 

included with this question ranging from one to ten with one being excellent and 10 being 

poor). 

All four teachers rated the Sun Chaser as a 10 as an educational tool. The results are 

probably inaccurate due to possible peer pressure within the group, and the fact that the 

teachers taught within the same school district as the lead teacher for the Sun Chaser. 

Although the results of this question proved to be unusable as an assessment tool the 

question can and will be valuable in future evaluations of the program. 

How would you rate the Sun Chaser instructional program? (A Likert-type scale was 

included with this question ranging from one to ten with one being excellent and 10 being 

poor). 

Results of this question are the same as the preceding question and thus less than 

valuable as an evaluation tool. 
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How could the instruction be improved and more effective? 

Results from this question indicated an overall satisfaction with the instruction. The only 

suggestions towards improvement were for the high school students to speak louder. The 

high school students were a little quiet especially during the first several sessions. As 

their confidence grew their volume level grew. In the future pointing this problem out to 

high school student instructors and increased instructor preparation will probably 

alleviate the problem. 

Did you receive adequate support in using the Sun Chaser? Why or why not? 

All four teachers simply indicated that they did receive adequate support without 

expanding on their answer. 

What improvements could be made to increase the educational or user effectiveness of the 

Sun Chaser educational program? 

The teachers seemed to be satisfied with the program overall but a suggestion for 

incorporating more long-range experimentation opportunities with the Sun Chaser could 

be included 
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Sixth Subproblem 

Initiate an energy education program for the Midwest Renewable Energy Association's 

solar energy trailer, Sun Chaser by creating and distributing promotional material to local schools. 

Results-A pamphlet (Appendix D) was created and distributed as indicated in the 

methods section. The results of the pamphlet were very disappointing. Of the two hundred and 

five pamphlets sent out there was only one response. The one response resulted in four contacts 

at John Muir Middle School in Wausau, Wisconsin. 

Although the pamphlet was very unsuccessful the program should continue to be 

advertised in mailings from the Midwest Renewable Energy Association (MREA). A mailing sent 

out specifically for the program should be avoided in the future due to the low response using this 

method. Other avenues for informing people about the Sun Chaser program could be the internet 

both on the MREA's homepage and the Wausau East High Schools home page, conventions such 

as the Environmental Education convention, Science Teachers convention, and the Wisconsin 

Education Association Convention. 

Seventh Subproblem 

Evaluate the achievement ofleamer outcomes by students participating in the energy 

education program for the Midwest Renewable Energy Association's solar energy trailer Sun 

Chaser. 

Results - The results of the pre-test and post-test (Appendix F) were encouraging. There 

were 118 students that participated in the evaluation with an overall percentage of about 54% on 

the pre-test and an overall percentage of about 80%, which is an increase of26%. A breakdown 

of the question results indicates that the percentages were higher on both the pre-test and the 
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post-test for questions one through five. The high results on the tests probably resulted from 

prior knowledge of the students going into the lesson whereas questions six through eight were 

more Sun Chaser lesson specific. 

Although the pre-test was sent to the six grade students two weeks prior to the lesson, 

there still was probably an influence of the pre-test on the post-test results. In the future a 

different pre-test and post-test could be developed. A control group was not used because the 

teachers wanted all the students to participate in the program and testing students outside of the 

six grade groups would have been inaccurate due to varying past instruction within the groups. 

Limiting the length of the test to ten questions may have caused it to be less thorough. The 

reason the test was limited to ten questions was for it to be more accepted by the teachers 

administering it. It was thought that if the test took too long to administer there would be cases 

that teachers would not participate in the process. For the testing to be successfuL therefore, the 

test had to take as little time as possible out of the teachers normal schedule while still being long 

enough for usable results. Ten questions seemed to be an acceptable amount to meet those 

criteria. Although more questions would have given a more in depth record of learning, it would 

not have been so much more as to justify jeopardizing the success of the entire testing procedure. 
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Eighth Subproblem 

Prepare a team of high school students to teach using the Sun Chaser program. 

Results-The results of this subproblem can be explained through each of the step of team 

preparation as explained in the methods section. The stages of preparation included: 

1. Determine students to be involved. As described in the methods section the students 

involved in the program chose the project as a fulfillment to the class requirements. 

Initially, seven students expressed interest in being involved. It seemed at the time that 

seven people would be a good number because there then could be two teaching teams 

thus relieving pressure of the entire group for missing classes to complete the project. 

Two problems with the team arose after about one month into the project. First, one 

student had an attendance problem. She was missing a great deal of class and the 

other students expressed concern that when it came time to teach she would not be 

prepared. The teaching team of students and I decided that she would no longer be 

part of the project. The student was informed of the decision and understood. 

Second, two other girls had a problem getting along with the rest of the group. In an 

effort to maintain good group dynamics the two girls and I met and decided that the 

problems could not be resolved and that it was to the best interest to everyone that 

they choose a different project. This left four remaining team members. In the end 

having four students involved in the project was for the best. There was more of a 

sense control for each student involved and remaining team worked well together. 

2. Have the high school students review basic energy concepts such as solar energy, the 

photovoltaic effect, electricity, energy transfer, the environmental effects of energy 

use, alternative energy sources and personal energy conservation methods. The 
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students performed this task almost entirely independently. Occasionally I would 

verbally quiz the students to determine their level of understanding and I was happy 

with the progress they were making. I knew that the students would have to perform 

the energy program before their peers in the environmental science class two weeks 

before working with the sixth graders and that would leave us enough time to make 

any adjustments to their preparation level. I was taking a risk leaving the high school 

students conduct self preparation but considering the fact that I felt the students in the 

project were good academic achievers. Also, for them to have ownership in the 

program they needed to feel like I trusted them and not hold their hands. This type of 

student mentoring would have to be adjusted for each new group in the future based 

on their abilities. 

3. Train the students on how to use the program equipment and instructional materials. 

The main areas the students had to master were using the felt story-board, using the 

energy cycle, using the Sun Chaser, performing the energy demonstrations, and getting 

a feel for the flow of the lesson. What I did was model using the equipment and any 

possible trouble shooting they may have to do. Then they had to set up and explain 

each piece of equipment for me until I felt they were competent. It took them about 

three trials on each piece of equipment. Once they were comfortable with the 

equipment the students had to run through the lesson on their own until they felt they 

were ready to perform it in front of me. The students practiced for four lunches and 

then indicated they were ready. 

4. They then modeled the lesson using all the equipment and demonstrations in front of 

only me. After the lesson we had a small group discussion where we talked about any 
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improvements that could be made. The students did an adequate job and the main area 

of improvement was to have better transitions from one part of the lesson to the other. 

After modeling the lesson in front of me the students performed in front of their peers 

in the environmental science class. The students did a great job which was an 

indication of readiness. 

5. On sight evaluation. After each of the four teaching sessions the students and I traded 

ideas on improving their performance. This proved to be a very valuable technique. 

The high school students helped each other, which brought the group closer together 

and there was all around improvement in the lesson delivery. 

Ninth Subproblem 

Create a lesson for use with the high school student teaching sessions. 

Results - The lesson (Appendix B) proved to be very adequate. It involved enough 

activities and equipment to keep the pace lively and the lesson engaging. Based on the teacher 

survey results (see results of fifth subproblem) the lesson was well accepted. The lesson also 

seemed to be at the appropriate level for the sixth grade students. The post-test results (Appendix 

F) indicates a increase in learner outcome performance. 
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IV. CONCLUSIONS AND RECOMMENDATIONS, 
REFERENCES, AND APPENDICES 

CONCLUSIONS AND RECOMMENDATIONS 

In conclusion the Sun Chaser educational program has its successes and growth areas. 

The program succeeded in its ability to be used as an educational tool. The students involved 

with the program gained from it. Also, the program has been set up so that in the future any 

interested teacher could use it as an energy unit or to supplement an already existing one. An 

addition to the program that would help it significantly would be equipment for the Sun Chaser to 

be used for long-term experiments. With the addition of a computer, the appropriate software 

and sensing devises the Sun Chaser could be used for real time data monitoring. This would 

expand the usefulness of the Sun Chaser for science teachers. 

One of the biggest setbacks of the program was the promoting of the program. I have no 

perfect solution for this dilemma. Further use of the program and research will tell us of what 

things can be done to make the program usable for teachers. Also, word of mouth and making 

the Sun Chaser a presence at statewide conventions will lead to a promotional expansion for the 

program. 

An addition to the program that is much needed is a vehicle dedicated to pull the Sun 

Chaser. Initially, the Wausau School District said they would supply a truck to pull the Sun 

Chaser, but when it came to getting the truck there were always complications. Only through the 

generosity of friends was the trailer able to get moved. Having a truck purchased or donated and 

left exclusively for pulling the Sun Chaser would alleviate many future problems. 
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SETTING UP THE SUN CHASER 

Finding A location: 

* it is best if the panels are facing south 

* try to park the sun chaser on as level of ground as possible 

* if the ground is soft place boards under the wheels 

Once a location has been found: 

* remove the sun chaser from the vehicle 

* lower the front end of the sun chaser as far as possible using the jack at the 

front of the trailer (see picture below) 

43 



* once the front is lowered lower the rear stabilizer supports 

* after rear stabilizer supports are lowered raise the trailer to a level condition 

PARTS OF THE SUN CHASER EDUCATIONAL PROGRAM 

1. Solar Panels - these are what collect solar energy and convert it to electrical energy 
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2. Inverter - this piece of equipment changes the D.C. electricity the batteries save and 

the panels make to a more usable A.C. 

, .. ~ ... _,:.-._. . ' , , .• , ... , .. ... . . . -. ·•·:... ·· ·_:_,. 

3. Power outlet box - items can be plugged into this for electricity 
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4. Story felt board - this item is used with the lesson plan created for the sun chaser. 

There are movable characters that can be moved around on the board and tell how we 

use energy in our lives. 
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5. Energy Cycle - great tool for energy concepts and energy conservation lessons. 

Instructions how to set up the energy cycle are included later in the manual 
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PHYSICAL DESCRIPTION 

Bicycle and Generator 
The bicycle is a woman's IO-speed street bike (Figure 1). This frame construc
tion enables children with shorter legs to easily get on and off the bike. An 
extra-long seat post accommodates tall adults and is fitted with a quick-release 
lever for easy raising and lowering of the seat. 

Figure 1 

<-::ry.te>~~--thooik-e-aare-held~off,th~roundsby-a,<:ollapsible,-trainin~•' 
st~nQ with a direct-current (DC) . __ · 
genera'tor..{:nd regulator clamped 
directly to fhe,ffand's rear brace 
(Figure 2). The rear .. yvheel rim acts as 
the driving gear for a"'V..,l?~lt looped 
around a much smaller-di1meter pul
ley attached to the generator sh'aft ... ,__ 

-.., 
The electrical generator is an automo-.::=· 
tive direct-current model widely,.avail
able on the rebuild market for;:'"· 

,<;.· 

Volkswagens built bef:Ween 1967 and 
1974. It is wired ,!Pa"voltage regulator """ 
that cuts in 9~aifout 1000 revolutions per F 2 "--♦--,.. 
minute)RPM:), adjusted to generate an open- igure '•,,,°" 
ciwtfi'( voltage of 13.0 VDC. Its current output "-, ... 

4~..a_mps--.at~~300,RPM,r.givi:ng·the-generator-a-rated ·capadty·of~330 watts:·£~ 
comparison, most people can sustain no more than 100 watts for a few minutes, 
and athletic adults are capable of seconds-long bursts in excess of 20 amps 
(over 250 watts). 
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Display Panel 

A two-conductor cable from the generator/regulator is connected to a 2 ft high 
and 4 ft wide display panel (Figure 3). TI1e panel is held vertical by a 5 ft tall 
stand fabricated from CPVC and aluminum tubing. 

Figure 3 

The left half of the panel contains voltage and current meters, fuse and switch 
assemblies, and a capacitor bank for energy storage. The right half of the panel 
contains eight lamp holders and four cigarette lighter receptacles for plugging 
in 12-volt gadgets. By simply loosening two couplings, the panel halves can be 
slid apart and the display stand collapsed. Four 50-watt incandescent bulbs and 
four 13-watt compact fluorescent bulbs fit into the eight lamp holders. Gadgets 
that are plugged into the cigarette lighter receptacles include a 6-inch diameter 
fan, two small hair dryers, a radio/tape player, and a 1'BTU meter', which con
sists of an immersion beverage heater and a thermometer to measure heat trans
fer. The display panel halves, collapsed stand, light bulbs, and gadgets all fit 
into a single 34" x 26" x 7" case with handle. 

The generator cable is wired to a voltage meter on the left side of the panel. The 
voltage meter will register zero until the rear wheel speed is high enough for 
the regulator to cut in. The goal of the cyclist is to maintain this speed as the 
generator's electrical load increases; otherwise a "blackout" occurs. 

To the right of the voltage meter are three current meters, the upper one having 
a range of 0-5 amps, the middle one a range of 0-30 amps, and the lowest one a 
range of 0-200 milliamps (used only with capacitors and radio/tape player). 
There are toggle switches between the different-range meters, which enable stu
dent "meter readers" to more accurately calculate the power consumption of 
small loads like compact fluorescent lights, yet still be able to measure the 
power consumption of large loads like hair dryers. Having to toggle the correct 
measuring range is also a way to engage students more actively than having 
them simply stare at the meter. 
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The display panel fixtures are wired in three parallel circuits (Figure 4). 

Figure 4 

One circuit is connected to a switch at the upper right part of the panel, which 
can be toggled between two parallel strings of lampholders. The left group 
holds incandescent bulbs; the right group holds compact fluorescent bulbs. 

Another circuit is connected to the four cigarette lighter receptacles. As already 
mentioned, a variety of 12 VDC loads can be plugged into these receptacles. 

The last circuit is connected to an energy storage bank of four capacitors, each 
rated at 1 farad, 5 volts. The capacitors are wired in two parallel strings, each 
string consisting of two series-connected capacitors. 

All wiring connections are made by crimp-on fittings, commonly available at 
auto parts stores. Soldered connections were avoided in order to facilitate repair 
and replacement of individual components. 
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Prepare Timer and Test Gadgets 

MATERIALS 

Countdown timer 
Five SO-Watt incandescent bulbs 
Five 13-Watt compact fluorescent bulbs 
Cooling/ defogging fan 

-No:•-8,€tlshiofl-tmed-eu~~ 
--·'"'Twos::/H 0"'24-X-1-/2." nraehifle>Serews-a11d-l1~ 

25 ft coil of #30 gage wire-wrap wire 
Portable 4.5-volt radio/cassette player 
DC-DC power converter with 4-way plug 
Two hair dryers 
Beverage warmer 
Cigarette-lighter extension cord 
Marking pen 

-&:ot{:-0--tapeklR.~'.wide}-, 

TOOLS 

Adjustable crescent wrench, 8" handle 
Standard screwdriver 1/ 4" blade 
Phillips-head screwdriver, #2 
Vise-grips 

INSTRUCTIONS 

1. Pull red tab from battery compartment of timer - this allows battery to 
make contact and power up the display screen. Follow instructions in man
ual that came with timer to set countdown time to 6 minutes. 

Refer back to Figure 33 for the display panel locations of receptacles, hooks, 
and switches mentioned in the remaining instructions. 

2. Screw in four SOW incandescent bulbs. Plug in four compact fluorescent 
bulbs. 
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~-03,="-'Ia:~iflgf<lerogging-fotH}Ut-ef-etrx,-,al:ttr'-J;!?J[E:;:;J 
-..._.,,,,.,,, use Phillips-head screwdriver to remove 

",small screw from tab that holds foot of fa 
~e~l shoe. Open up cushion-lined SU 

clamp,~nd bend out ears. Position C p just 
outside ~d in left handlebar, _ bing han
dlebar frorrrundemeath. Plac an shoe on 
top of handle~and pus , achine screws 
down through ho11 in oe and holes in 
clamp ears. Fan sho ould be positio_ned 
such that tab end· Io~-rj and slightly 
lower than oth end of sho¼s shown in 
Figure 53. ead on hex nuts, hold with cres-
cent wre , and tighten machine sczews 
with ndard screwdriver. Once screw are 
ti , use vise-grips to flatten threads so t 

x nuts will not vibrate loose if bike is car-
/ried on car rack. Figure 53 

/4,,...~.Slide-fan--foer-baek__,_int-0,shoc t:u"ttil -it•rest:J•ag · . Switch on back of 

5. 

6. 

7. 

8. 

---t> 9. 

motor case should be up, so that fan does not oscillate back and forth. 
Insert cigarette lighter plug of fan cord into receptacle. 

Insert cigarette lighter plug of DC-DC power converter into receptacle R2. 
Switch polarity to "+" and voltage to "6V" (third switch from right). Insert 
4-way plug of converter into jack on back of radio/tape player, and hang 
radio/tape player by handle from hooks Hl and H2. 

Plug hair dryers into receptacles R3 and R4, and hang by cords from hook 
H3. Drape beverage warmer cord and cigarette lighter extension cord over 
hook H4, but do not plug in. 

Make sure that current meters are properly zeroed (see Instruction 1 of Step 
C6) and that all toggle switches are in center "off" position. Record test 
measurements in checklist table (a master for reproduction is printed at the 
end of this section). Be sure to make measurements while pedaling bike at a 
speed of 20-22 MPH, as indicated by the cyclocomputer display on handle
bar. For each test, measured voltage should be within 0.2 volts of specifica
tion, and measured current should be within 10%. 

Begin testing by measuring open-circuit voltage (all switches off). If voltage 
is zero when pedaling up to speed, consult Case 1 or Case 2 of trouble
shooting section, depending on whether pedaling resistance is easy or hard. 

Toggle upper meter switch (SS) up. If pedaling suddenly becomes difficult 
and the 0-5A meter goes off scale, but no bulbs or gadgets are on, then there 
is a short somewhere, probably in a receptacle. Consult Case 3 of trouble
shooting section. 
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10. Toggle lamp switches SO and SI to the right, toward compact fluorescent 
bulbs. The first (upper left) bulb should light - measure voltage and current. 
Then toggle switches S2, S3, and S4 to the right, one at a time, recording 
voltage and current as each new bulb lights up. If a bulb does not light 
brightly, but remains dim and flickering, the probable cause is a loose 
inverter wire. Go to back side of panel and gently tug on white wire leads 
where they go into the lamp base. If a wire pulls free, straighten the wire 
tip and push it back into the base until it slides firmly into place. 

11. Once all four compact fluorescent bulbs light brightly, toggle switches SO 
through S4 back to center. Unplug first bulb and replace with spare com
pact fluorescent. Toggle switch SO to the right - measure voltage and current 
of spare bulb. Use marking pen on box, to identify spare so that it will 
remain unused until needed. 

12. Toggle lamp switches SO and SI to the left, toward incandescent bulbs. The 
first bulb should light - measure voltage and current. Toggle switch SS 
down; then toggle switches S2, S3, and S4 to the left, one at a time, record
ing voltage and current drain as each new incandescent bulbs lights up. If 
voltage meter starts to fluctuate as second or third bulb is switched on 
(even when cyclocomputer indicates a steady wheel speed of 20-22 MPH), 
and the noise from the generator pulley becomes significantly louder, then 
the belt is too loose, causing it to slip when heavily loaded; consult Case 4 
of troubleshooting section. 

13. When all four SOW bulbs can be lit without belt slippage, toggle switches 
SO through S4 back to center. Unscrew first bulb, and replace with spare 
SOW incandescent bulb. Toggle switch SO to the left - measure voltage and 
current of spare bulb. Use marking pen as before, to identify spare so that 
it will remain unused until needed. 

14. Toggle SO back to center. Toggle switch S5 up toward 0-5A meter. Switch on 
fan first to SLOW (about 0.6A running current), then to FAST (LOA running 
current). Current will momentarily surge when fan starts; record measure
ment after meter drops to steady running current. 

13. Toggle switch SO to the left, with fan still running at FAST speed. Make sure 
that knife switch is in up position, such that current passes through #14-
RED-7 wire. Record voltage and current, observing brightness of incandes
cent bulb and speed of fan. 

14. Throw knife switch down, so that current now passes through 25 ft coil of 
#30 gage wire. Record voltage and current, observing that bulb is much 
dimmer and that fan spins more slowly. Note that current drops as wire coil 
heats up, due to the increase in resistance with temperature. Switch off bulb 
and disconnect fan. 

16. Unscrew spare SOW incandescent bulb and replace with clear lOW incan
descent bulb. Toggle switch SO to the left and measure voltage and current. 
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17. Toggle switch S5 down toward 0-30A meter. Switch on first hair dryer, 
recording voltage and current. Switch off and repeat measurement for 
second hair dryer. 

18. Unplug second hair dryer from R4; then plug extension cord into R4. v\Thile 
riding bike, plug beverage warmer into other end of extension cord. 
Measure voltage and current. Element should become too hot to touch after 
about 15 seconds. Do not run beverage warmer out of water for more than 
30 seconds or it could be damaged. 

19. Make sure capacitors are fully discharged by toggling switch S6 from center 
"off' up to "0-5A" (any stored energy will be drained through beverage 
warmer). Disconnect beverage warmer and toggle switch S6 back to "off". 
Pedal bike up to speed, and toggle S6 up to "0-SA". Meter should momen
tarily go off-scale, and then current will drop as capacitors charge. Record 
voltage when current has dropped to 0.1A or less. 

20. Stop pedaling bike, switch on radio, tum volume thumbwheel to maxi
mum, and tune in a station. Reduce volume to the point where it is still 
loud, but no longer distorted. Briefly pedal to recharge capacitors again, 
stop pedaling, and toggle switch S6 down to "0-200mA". Measure average 
current of radio as voltage drops from 12V to lOV Recharge capacitors and 
repeat test for tape player. Note that switch S6 should be toggled up to "0-
SA" whenever recharging capacitors or when discharging through fan or 
lamps, and down to "'0-200mA" when discharging through radio or tape 
player. 
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ENERGY CYCLE TEST REPORT 

Tested by: ________________ Date tested: ______ _ 

Specification Test Measurement 

Description of Load Volts Amps Watts Volts Amps Watts 

None 13.0 0 0 0 0 

1 compact fluorescent bulb 13.0 0.9 12 

2 compact fluorescent bulbs 13.0 1.9 25 

3 compact fluorescent bulbs 13.0 2.9 38 

4 compact fluorescent bulbs 13.0 4.0 52 

spare compact fluorescent bulb 13.0 0.9 12 

1 SOW incandescent bulb 13.0 4.0 52 

2 SOW incandescent bulbs 12.5 8 100 

3 SOW incandescent bulbs 12.0 12 144 

4 SOW incandescent bulbs 11.5 16 184 

spare incandescent bulb 13.0 4.0 52 

fan (FAST speed) 13.0 1.0 13 

SOW incandescent bulb .and fan 
switched through #14-RED-6C 12.5 5.0 63 

same bulb and fan switched 
through 25-ft. coil of #30 wire 12.7 2.3 29 

1 OW incandescent bulb 13.0 0.8 10 

first hair dryer 11.7 12 140 

second hair dryer 11.7 12 140 

beverage warmer 12.0 8 96 

capacitor voltage when charged >12.5 <0.1 NIA <0.1 NIA 

capacitor disch. radio (average) 10-12 60mA NIA 10-12 NIA 3 

capacitor disch.tape (average) 10-12 /50mA NIA 10-12 NIA 'L 
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-·. · TROUBLESHOOTING AND REPAIRS 

Case 1: Easy to Pedal - Zero Voltage 
The most common cause of this problem is that the duplex cable between the 
generator and display panel has become disconnected. This usually occurs at 
the generator end when someone has accidentally kicked the cable while walk
ing around rear of the bike. Check the fully-insulated coupler sets to make sure 
they are firmly connected. 

-=Another~pessible-eause-is--that-~-he-J..•oltage-regu.Jato-r-i&-oat~e:j~: 
ially adjusted to an open-circuit voltage of 13V by removing the regulator 

co ~r and bending down the tang that supports the leaf spring of the fine- · ed 
relay~il. If spring tension changes over time, or if the regulator is jarr uring 
transpo~ this adjustment may be thrown off. Zero voltage can be cor cted by 
bending th~ tang upward and then more precisely adjusting the re a tor volt
age. Consulf"S~~6 in the previous section on construction for etailed instruc-
tions on how to ~ke this adjustment. / 

Case 2: Hard to'\ al - Zero Voltage //. 
/ 

This problem occurs when e DF tab of the reguJa{or gets bent down during 
transport, such that it touche ~he rectangular p.6using of the wire-wound resis
tor just below it, as shown in F1 re 54. ~ort-circuits the field output of the 
generator, which prevents a magn ·c fie a from being established. To correct 
this problem, bend the DF tab back o its original position, so that it is no 
longer grounded. 

,.,__ 

' ','-, 
' 

'"' "-',, 
• ll."' ' .. ~•~·?1f ........ ,~~:~:"-'...:· .... 4 •:·f ...... !.1.-•.;'Fig;t1~-~~---··---·------•J-~--
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Case 3: Hard to Pedal - Good Voltage, All Gadgets and Bulbs Off 

If pedaling suddenly becomes difficult and the 0-SA current meter goes off-scale 
when switch SS is toggled up, but no gadgets or light bulbs are on, then there is a 
short circuit somewhere on the display panel. First check to make sure that the 
beverage warmer is not plugged in, since unlike the other gadgets, it does not 
make any noise when it's on. Also make sure that the capacitors are off (switch S6 
on center). 

~~~rre~~~:::~~:~e~~t:=i~~- ' w· • • • 

caSe..qf a receptacle short is that the positive tangs 
inside the~ocket have rotated and are touching the 
socket she , _shown in Figure 55. Use a jeweler's 
screwdriver to · the positive tang away from the 
socket shell. Note t _if the tang is rotated too far / · 
in the other direction, opposite tang will come ,/,...,. 
into contact with the shell,· ·11 causing a short. 

0 
_ _.,, rotate positive tang 

To keep this problem from re-o rring, make su~ away from socket shell 

that the hex nut that holds the posi . e terll)irial in 
place (the nut closest to the back of the , 'eptacle) is 
tight and locked in by the second hp11ut. care-
ful not to rotate these two nuts yhen tightenin •. · e 
third nut, which holds the f9rlced wiring spade in · 
place. Also, be sure to il1$efi gadget plugs straight 
into receptacles andpull them straight out, without 
rotating plug. ., 

Occasionally,,th~ quick disconnect that connects the 

FIXED 

blue wi1jng to a receptacle will pull off of its male tab during transpor d may 
be dfl:ngling against the positive terminal, causing a short. This can be rea · cor
i:_~cfed by examining the backs of the receptacles and re-connecting any blue w· s 

;.'.'fuat,.have,.p.uHoo,,Ioose.,, .. " .. '""''·•,"'· ,;·,, .. , -,. , ... «_, ... _.~,- ,. ""' , •·.·· c· ·,._,.,._,"·,·,,,.<,,._ ... :., .. ·,0 ._" ~- - ........ - -

Case 4: Fluctuating Voltage when Pedaling Heavy Load 

This is usually caused by a loose V-belt. The belt may be tight enough to not slip 
when pedaling light loads like the fan or a compact fluorescent bulb, but will start 
to slip as the electrical load increases. It can become especially noticeable when 
trying to pedal two or three SOW incandescent bulbs, the beverage warmer, or a 
hair dryer. Even though the cyclocomputer may indicate a steady 20-22 MPH rear 
wheel speed, the voltage meter can be quite erratic, intermittently dropping well 
below lOV. The belt also makes a loud noise as it slips over the generator pulley, 
synchronized to the pedaling cadence of the cyclist. Tighten the belt by following 
the instructions given in Step AS in the previous section on construction. 
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Case 5: Common Gadget and Bulb Problems 

If none of the gadgets or bulbs work, make sure that switch S5 is toggled either 
up or down and not on center (ofD, and that the knife switch is fully seated. 
Also check behind the panel to verify that the fully-insulated couplers that join 
the left and right panel halves are firmly connected. Finally, make sure that 
there is a good fuse in the fuse holder and not a blown fuse from a previous 
activity. 

A common oversight when working with the lamps is to toggle switch SO, but 
to forget toggling S1 before toggling on the second bulb. Although SO controls 
the first bulb in each group, S1 must be toggled in order for any of the lower 
switches to work. 

Sometimes the radio will stop intermittently when being lifted from its hooks or 
moved around while trying to obtain good station reception. This usually 
occurs because the DC power plug in the back of the radio/tape player is not 
firmly seated. If the radio/tape player doesn't work at alt examine the DC-DC 
power converter to make sure that the polarity switch is set to "+" and the volt
age switch set to "6". 

If the air flow in front of the fan seems much weaker than normal, it is probably 
due to a reversed wiring connection, which causes the fan motor to run back
wards. Make sure that the black lead from the fan motor is connected to the 
black lead from the plug, and not to the black-lead-with-white-stripe. 

Case 6: Wiring Terminal Pulled Off 

This usually occurs when fully 
insulated coupler sets are pulled 
apart while taking down the display 
panel. The same coupler can be re
used by first opening the crimp 
sleeve, squeezing the sleeve in a 
direction perpendicular to the origi
nal crimp, as shown in Figure 56. 
Then twist the pulled-out wire 
strands tightly together and insert 
back into the crimp sleeve. Finally, 
use crimping tool to squeeze the 
sleeve together in the original crimp 
direction; grasp the crimping tool with 
both hands and squeeze hard! 

coupler ______ s __ 1e_e_v_e _____ ._,..---

crimper jaws 

Figure 56 

This problem can be avoided by not pulling on the wires when taking apart a 
coupler set but by grasping the sides of each coupler. If the female disconnect is 
holding the male tab too tightly, it should be pried apart slightly with a jewel
er's screwdriver, such that the couplers are more easily pulled apart but still fit 
snugly together. 

59 



✓ MECHANICS OF 
USING THE ENERGY CYCLE 

Safety Precautions 

When selecting cyclists, try to match the physical strength and endurance of the 
rider with the electrical load and duration of the educational activity to be 
accomplished. Most 5th grade students (10 years of age) or older can pedal at 
least one SO-watt incandescent bulb. Many younger children are strong enough 
to pedal easier loads like the fan or a compact fluorescent lamp, and can usually 
charge the capacitor bank in two or three attempts. 

Any child whose legs are too short for their feet to remain planted firmly on the 
pedals throughout the stroke, when the child is seated, should be prevented 
from riding. Care must be exercised with all ages, to make sure that the cyclist is 
physically fit and does not have a health condition such as asthma or high blood 
pressure, that might be aggravated by riding the bike. 

Do not allow cyclists to stand on the pedals while riding; their feet can easily 
slip off the pedals, and they could injure themselves. Standing on the pedals 
also causes the bike to rock from side to side, putting extra stress on the bike 
stand. Even when cyclists remain seated, they still might rock from side to side 
when trying to pedal heavy loads; in such cases it is helpful to have a second 
person come forward and hold the front wheel or handlebar, to stabilize the 
bike. 

Long hair that could get tangled in the fan as a rider leans forward over the 
handlebar should be tied back or put up under a cap. Likewise, long skirts or 
dresses that could get caught in the chain or front sprocket should be gathered 
forward and held there by one of the cyclist's hands while she is riding. Finally, 
school fads and fashions not withstanding, shoes must be tied before getting on 
the bike. 

The bike and stand tend to gradually move forward during a presentation, par
ticularly if on a smooth floor. Make sure that the stand doesn't ride up over the 
duplex cable, and move everything back from time to time. 

Most importantly, keep people away from the rear wheel, generator, and pulley! 
Fingers or clothing could get caught in the rear wheel spokes or between the 
wheel rim and the belt, possibly causing serious injury. There is also the poten
tial for electric shock from exposed terminals, and both the generator and regu
lator can become quite hot, possibly causing first-degree burns if touched. 
Riders should be discouraged from walking around the bike to get on the seat 
or after dismounting, since they could inadvertently kick and disconnect the 
duplex cable. 
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Setting up Display Panel 

1. Slip EMT couplings over the two 
]]]:mtlffl<I]]tubing ends that are located 

along the edge of the mid-panel 
seam of one of the boards (see 
Figure 57). Board edge may have 
to be pulled slightly away from 
frame in order to slide lip of cou
pling over tubing end. Tighten 
thumb screws. 

2. Stand second board next to first 
one. Join the two boards together 
by slipping the CPVC tubing ends 
of the second board into the EMT Figure 57 
couplings of the first one and tight-
ening thumb screws. 

3. Each aluminum frame half consists of a T-shaped section, with two CPVC 
cap "feet", and a straight extension section. If the panel is to be set up on 
the floor or ground, insert the top of the T-shaped section labeled "A" into 
the copper coupling of the extension section also labeled "A", and twist 
together. Repeat for the other frame half (sections labeled "B''). If the panel 
is to be set on a table or laboratory bench, there is no need for the exten
sions; just use the T-shaped sections by themselves. 

4. Rotate entire display panel 900, such that it 
is standing on one of its side edges. Insert 
aluminum tubing end of one frame half into 
copper coupling of the panel-mounted CPVC 
frame that is labeled with the same letter (see 
Figure 58). Rotate display panel such that it is 
standing on the other side edge. In the same 
manner as before, insert aluminum tubing 
end of second frame half into the copper cou
pling of other CPVC frame half. Carefully 
rotate display panel 900, so that it is now 
standing upright. 

5. Screw in four 50W incandescent bulbs. Plug. 
in four compact fluorescent bulbs. 

6. Clamp fan to handlebar, just inside left han
dlebar grip and plug into receptacle Rl. 
Connect black wire lead from fan to black wire Figure 58 
lead of plug. Do not connect black lead to 
black-lead-with-white-stripe, or fan will run backwards and could be dam
aged. The black leads with white stripes should remain unconnected until 
fan is to be used. White switch on motor case should be up, so that fan does 
not oscillate. 
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7. Insert cigarette lighter plug of 
DC-DC power converter into 
receptacle R2. Insert 4-way plug of 
converter into jack on back of· 
radio/tape player, and hang 
radio/tape player by handle from 
hooks Hl and H2, as shown in 
Figure 59. 

8. Plug first hair dryer into receptacle 
R3, and hang both hair dryers 
(with second one unplugged) by 
cords from hook H3. 

9. Plug cigarette lighter extension cord Figure 59 
into receptacle R4, and drape over 
hook H4. Drape beverage warmer cord over same hook but do not plug in. 
Fill small plastic tank with water up to the level of etched marks on tank 
corners. Immerse aquarium thermometer in tank at an angle, and stick suc
tion cup to tank wall so that water temperature can be read by anyone 
holding tank. Place tank on floor, directly beneath hook H4, inside display 
stand leg, such that it won't be accidentally kicked over. 

Setting up Bike and Generator 
1. With bike backed up to stand, press notched surface of V-belt into rear 

wheel rim, with flat surface out. Make sure 
the handlebar is straight or the bike will 
wheel all over the place, making the rest of 
these instructions impossible to follow. 1bis 
step will be easier if you get someone to help. 

2. Stand to the right side of bike stand and lift 
rear wheel with right hand (references to 
"right" and "left" are oriented as if you were 
sitting on the bike, facing the handlebar). 
Guide the left rear wheel axle nut so it rests 
in the left slotted cup. Let bike tilt toward 
you, and use left hand to loop V-belt around 
pulley, as shown in Figure 60. You might 
have to spin the rear wheel around, to fully 
engage the V-belt on the rim. With the left 
axle nut still resting in the right slotted cup, 
push the seat away from you so that the bike 
becomes more upright. This will tighten the Figure 60 
V-belt. When the right axle nut is at the same level as the right slotted cup, 
tighten the gray plastic handle, such that the slotted cup moves in to 
engage the axle nut. 
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3. Continue tightening gray handle until you see the braces start to bend out
ward. This bending of the braces provides the spring force that holds the 
bike firmly in place. Tighten the handle as far as it will go and spin the 
inner locking knob out against the right rear braces, to lock the cup in 
place. 

4. Connect either end of the #14 duplex cable to generator and connect the 
other end to couplers near voltage meter behind display panel. When con
necting to display panel, lead duplex cable beneath vertical CPVC frame 
tube, so that it is sandwiched between panel and tube, providing strain 
relief such that the couplers won1 t be pulled apart by the weight-of the 
duplex cable. 

5. Toggle all switches to center (off). Pedal the bike to make sure you have a 
steady open-circuit voltage of 13V. Toggle switch S5 up to check for short
circuits in the receptacles. Connect fan and adjust its orientation such that 
you feel maximum air flow on your face. Observe that with the fan run
ning, the upper current meter reads about IA. Disconnect the fan and tog
gle switch S5 down to the 0-30A meter. Briefly switch on two SOW incan
descent lamps and verify that the belt is tight by observing the steadiness of 
the voltage meter. Consult the previous section on troubleshooting and 
repairs if any problems were encountered during this brief test. 

6. Slide cyclocomputer display unit into handlebar bracket. Adjust position 
and rotation of both sensors relative to their respective magnets until wheel 
speed and cadence are correctly displayed when bike is pedaled. 

7. Clip timer to top edge of display panel, over mid-panel seam. Countdown 
time should be set to 6 minutes. 

8. The Energy Cycle is now ready to go! Consult next section for guidance on 
conducting educational activities. 

Packing Gadgets and Bulbs 

1. Empty water tank and let drain dry. Unplug gadgets from receptacles and 
pack all except fan in their original boxes. Fold fan up as compactly as pos
sible. Unscrew and unplug bulbs and pack in original boxes. Remove cyclo
computer display from handlebar bracket and wrap in small bubble wrap. 
Wrap aquarium thermometer in second piece of small bubble wrap. 
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2. Pack gadgets and bulbs in side compartment of Hamel case as shown in 
Figure 61. In order to fit everything in, follow this packing arrangement as 
closely as possible. 

Figure 61 

Packing Display Panel 

1. Disconnect duplex cable from display panel and generator. Set panel on 
side edge and remove aluminum frame half. Set panel on other side edge 
and remove other frame half. Separate extension sections (if used) from 
T-sections. 

2. Place 2 ft. X 2 ft. square of bubble wrap in bottom of case. Lay one end of 
8 ft. length of bubble wrap down flat on top of this square. 

3. Rest display panel upside down on its top 
edge, and loosen thumb screws on panel half 
that contains meters and capacitors. Slide this 
board apart from other board, and place 
meter-side down, on top of one end of 8-ft 
long sheet of large bubble wrap in bottom of 
Hamel case (Figure 62). 

4. Loosen thumb screws and remove EMT cou
plings from other board. Be sure to pack cou
plings in gadget compartment of Hamel case. 
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5. Wrap large bubble wrap over top of first board, to separate it from second 
board. Set second board on top of this layer, and continue to wrap 8-ft sheet 
of bubble wrap around second board, such that its end covers the four 
incandescent lamp holders, as shown in Figure 63. Lower second board into 
place. 

Figure 63 

6. Place aluminum frame sections on top of bubble wrap that is now covering 
second board, as shown in Figure 64. Also coil duplex cable and put in case. 

Figure 64 

7. Close up Econoboard with poster mounted on it. Lay Econoboard on top of 
aluminum frame sections and duplex cable with folded-in ends facing up. 
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Alternative Packing of Display Panel Boards 

If boards are rotated 90° relative to the positions shown in Figures 62 and 63, the 
EMT couplings do not have to be removed from the second board. Although 
this makes the fit of the second board very tight, it saves time when setting up 
and unpacking, and eliminates the risk of forgetting to pack the EMT couplings 
in the gadget compartment. 

Removing Bike from Stand 

1. Back off locking knob from right stand brace. 

2. Kneel behind stand and grasp top of rear wheel rim with left hand. 
Holding bike upright with left hand, use right hand to loosen gray handle 
and back off right slotted cup. When right axle nut is clear, ease bike out of 
left slotted cup and lower rear wheel sufficiently to disengage belt from 
generator pulley. 

3. Remove bike from stand, and fold stand together. 

Transportation and Shipping 

As described above, the Energy Cycle breaks down into three basic components 
for transportation. The display panel, gadgets, and bulbs pack into a black plas
tic carrying case with handle (Hamel Model ECYCLEl; see Appendix A). The 
stand and generator comprise the second component, and the bicycle itself is 
the third component. 

Each of the above components weighs 35 to 40 pounds. The carrying case is 32 
inches long, 25 inches high, and 7 inches deep. The folded generator stand occu
pies a space that is 25 inches long, 20 inches high, and 9 inches deep (the folded 
stand itself is only a few inches deep, but 9 inches is required to accommodate 
the generator and regulator). 

The bicycle is the largest component, and without a roof- or bumper-mounted 
carrying rack, is the most difficult to transport by car. With the front wheel 
removed and the handlebar turned 900 to the side, the bicycle takes up a space 
63 inches long, 29 inches high, and 16 inches wide. 

----"'-Hamel-Gompany-effen,.-fw-0-.aooitioH.al--e--ase-mooBis-that-ar-B-USBful--iJ--tne-fu:le-rgy-
"'~"--· Cycle .. is fre9. uently-smppoo--to-diffumAt-~xhibi t-sit~EC-¥Gbfil,..fur--t~er.a tOF-~ 

stand, and~BF-{:he bicycle (vrith front \>Vheel and one pedal removed). 
'---$pe-Oficati~-AdfHC~c..f:-he-Se--ease~re-g.i¥e-A~ 
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LEARNER OUTCOMES OF THE SUN CHASER EDUCATIONAL PROGRAM 

I. Students will be able to define energy, as well as understand the different forms of 

energy and how energy is transferred. 

2. Students will be able to understand how and when they use energy, the types of 

energy they use and the sources of their energy. 

3. Students will be able to understand the environmental results to their energy use, 

especially pertaining to acid rain, global warming, water resource degradation, owne 

depletion, smog and ground water pollution. 

4. Students will be able to: I) develop an understanding of energy conservation and 

methods they can enact in their lives; 2) be able to define and understand the value of 

using wind generated power, biomass, geothermal and solar energy 
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SUN CHASER LESSON PLAN 

LESSON I - WHAT IS ENERGY? 

/. Perform several demos on energy. 
- Place demos in a line in front of group. You will refer back to them later. 

* Burn magnesium 
* Solar cell and motor 
* Bum a candle 
* Blow up balloon and release it 
* Mix sodium bicarbonate and dilute acid 

2. Ask the students which of the demos demonstrated energy and why. Help guide the 
students to a definition of energy being sure to emphasize the following points: 

* Energy can be detected only when some kind of change occurs. It cannot be seen. 
* Energy exists in many forms. Some of the energy forms are more useful than 
others. 
* Energy can be changedfrom one form to another. 

Energy is the ability to do work. 

3. What are the different forms that energy can have? 
- Potential and kinetic are energy categories and should not be included in the list of 
energy forms. 

* Heat (thermal) 
* Light (radiant) 
* Mechanical 
* Chemical 
* Nuclear 
* 1'.,1ectrical 

-I. Ask the students what form of energy each of the demos is an example of 

* Bum magnesium -- heat, chemical, light 
* Solar cell and motor - light, electrical, mechanical 
* Blow up balloon -- mechanical 
* Sodium bicarbonate and dilute acid -- chemical 
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LESSON 2 - HOW DO WE USE ENERGY? 

Using "Kenny the Consumer" trace energy use through a typical morning 

* Begin by having Kenny in bed and as his alarm goes off have the students come 
up with the ways Kenny will use energy during the morning up until his arrival at 
school. 
* Move Kenny from room to room as the sto,y progresses. 
* Keep a list of the energy uses of Kenny so you can refer back lo them during 
the energy conservation lesson. 
* After the students have generated a list of Kenny' energy uses, have the 
students categorize them into the different energy types. 

LESSON 3 - WHAT ARE THE SOURCES OF OUR ENERGY 

I. Go back to the list of Kenny's energy use and have the students tell you what 
the source of that energy is. 
- For younger groups list the energy sources and explain what each one is. 
* Energy sources are 

-Petroleum 
- Natural Gas 
-Coal 
- Propane Gas 
-Nuclear 
-Solar 
- Hydropower 
- Geothermal 
- Wind 
- Biomass 

* After a list ojsources are generatedfor Kenny's usage add any others_fi·om 
the above list that l-i1ere not mentioned J,,xplain what they are as you add 
them. 

2 Explain to the students that energy can fall into two main categories: 
A. Nonrenewable - these are sources of energy in which supplies are limited 
B Renewable - these sources can be replaced by natural processes at a rate 

comparable to their use. 
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3. Have the students place the list of energy sources into either the renewable 
energy group or nonrenewable energy group. 

* Nonrenewable: 
-Coal 
- Natural Gas 
-Nuclear 
-Petroleum 
-Propane 

* Renewable: 
-Biomass 
- Geothermal 
-Solar 
-Wind 

Which is the majority of Kenny's energy sources? 

4. Show the students the current national energy use trends. 

* Coal 22.3% 
* Natural Gas 23.1% 
* Nuclear 7.6% 
* Petroleum 37.2% 
* Propane 1.7% 
* Biomass 3.2% 
* Geothermal 0.-1% 
* Hydropower 4.1% 
* Solar 0.3% 

* Wind 0.04% 

5. Explain that the problem with relying on nonrenewable energy sources is not 
only that they will eventually run out but also fossil fuels such as coal, natural 
gas, and petroleum are a major source of pollution on our planet. 

* Hold a piece <![ paper above the burning candle and show the students 
how it becomes black. 

- Explain that pollution from burning fossil fuels leads to problems like: 
* Global Warming 
* Ozone layer depletion 
* Acid Rain 
* Smog 
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LESSON 4 - HOW CAN WE CONSER VE ENERGY? 

To help model energy conservation use the energy cycle. Refer to the energy cycle 
manuals for set up and instructions. 

1. Have the students go back to Kenny's energy use list and come up with ways 
Kenny can save energy. 

* Be sure to cover the following points: 
- reduced energy use 
- alternatives to some of the energy uses (ex. air dry hair instead of blou• 

d1ye1) 
- replacing some of the electrical items in the house with energy efficient 

ones. 
- using renewable energy sources 

2. . Use the energy cycle to emphasize energy conservation 

A. Fluorescent bulbs Vs incandescent bulbs 
* Ha,,e a student pedal while turning on the incandescent bulbs and then 
the fluorescent bulbs. 

- which bulbs were easier to use? 
* Have student/eel both bulbs when they are lit. 

- do you feel any difference? 
* ll1e incandescent bulb generates more heat 
* Points to make in discussion: 

- 10% of energy in incandescent bulbs is tran~ferred into light 
energy and 90% is released as heat. 
- 40% of energy in fluorescent bulbs is transferred into light and 
60% is released as heat. 
- how much more efficient are fluorescent bulbs (-Ix) 

B. Have another student pedal while you compare a fan with the hair dryer. 
* What is the difference between the.fan and the hair dtJ'er. (one 
generates heat) 
* Tell students that appliances that generate heat use more energy than 
appliances that do not. 
* Ask the students which appliances in their house produce heat. 
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C. Remind the students that although they are saving energy, the energy they 
are still using is probably being produced by the burning of fossil fuels. 
* Review environmental effects of bumingfossilfi,els. 
* Ask the students if there is another way Kenny can get his energy. 
* lead the discussion to the using of renewable energy and review the 
kind<i. 
* Explain to the students that 

- unfortunately Kenny does not live near a river so he cannot use 
hydropower 
- Kenny does not live near a source for geothermal like a geyser 
-Kenny lives in an area that does not have a lot of wind 
- Kenny could use biomass in the form ofwoodfor heat 
- Kenny could use solar for both heat and electricity 

D. Ask the students how many have ever used solar (sunlight) energy to 
produce electricity. 
* Many of the students will probably say no. Show them that many are or 
may use solar energy to nm a calculator. Show them the solar cell 011 the 
calculator. 
* Explain that the cell on the calculator is called a photovoltaic cell and 
that photovoltaic cell<, are also used to run electric fences, satellites, and 
the space shuttle. Anywhere it is difficult to run power lines. 

LESSON 5 - HOW CAN WE USE SOLAR ENERGY TO POWER A HOUSE 

For older students explain the photovoltaic effect (see insert). For younger 
students simply explain that solar cells are able to convert light energy into electrical 
energy. 

I. Using the small solar demo explain how solar cells can be wired to run 
electrical devices. 

* Explain how the wires cany the electrical current from the solar panels to 
the motor and back to the panels. The flow of electricity makes the motor 
work. 

2. Explain to the students that in order to harness enough power for a house, 
larger solar panels need to be used. 

* Show the students the panels on the Sun Chaser. 
* Explain that larger solar cells can harness more <?f the suns ene,gy. 
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3. Ask the student why there are so many panels on the trailer. 

* Explain that just like large radios like boom boxes need larger and 
more batteries than a walkman a house will need larger and more solar 
panels. You could also use a large and small.flashlight. 

4. Ask the student what would happen if it were cloudy or nighttime. Could we 
still use our solar system? 

* Using the small demo, hold a piece of black construction paper over the 
solar panel (cloud or night). 
* Lead the discussion towards energy storage. 
* Show the students the batteries in the trailer. 

5. Plug several electrical devises into the trailer for demonstration 

6. For older students cover the following additional points. 

* Solar panels and batteries run on DC (direct current). 
* For a house to use the energy using common appliances the electricity must 
be converted to AC (alternating current) and regulated to 120 volts. 
* Show student inverter. 
* Explain that some inverters will allow multiple power inputs such as solar 
and wind or solar and power lines. 
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Chapter 2 

The Photovoltaic 
Effect 

The photovoltaic effect 
is the basic physical 

process through which a 
PV cell converts sunlight 
into electricity. Sunlight is 
composed of photons
packets of solar energy. 
These photons contain dif
(ercnt amounts of energy 
that correspond to the 
different wavelengths of 
the solar spectrum. When 
photons strike a PV cell, 
they may be reflected or 
,1bsorbed, or they may 
p,1ss right through. The ab
sorbed photons generate 
ekctricity. The energy of 

a photon is transferred to 
an electron in an atom of 
the semiconductor device. 
With its newfound energy, 
the electron is able to es
cape from its normal posi
tion associated with a 
single atom in the semicon
ductor to become part of 
the current in an electrical 
circuit. Special electrical 
properties of the PV cell
a built-in electric field
provide the voltage 
needed to drive the cur
rent through an external 
load. 

'1. 
> 

Electr,c_cil 
ener91 

In tile typical PV cell, photon energy frees electrical charge carriers. 
which become part of the current in an electrical circuit. A built-in 
l'lectrical field provides the voltage needed to drive the current 
through an external load. 
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Energy from 
the Sun 

The sun's energy is v 
to life on Earth. It deter
mines the Earth's surfac I 

temperature, and suppl 
virtually all the energy 
that drives natural glob. 
systems and cycles. Al
though some other star~ 
are enormous sources o 
energy in the form of 
x-rays and radio signal::: 
our sun releases 95% of 
its energy as visible ligl, 
Visible light represents 
only a fraction of the to 1 

radiation spectrum; in
frared and ultraviolet rz 
are also significant parb 
of the solar spectrum. 

Each portion of the 
solar spectrum is as
sociated with a differen 
level of energy. Within 
the visible portion of th, 
spectrum, red is at the 
lm,v-energy end and vie 
is at the high-energy en 
(having half again as 
much energy as red ligl 
In the invisible portion~ 
of the spectrum, photoi 
in the ultraviolet region 
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Solar radiation 

The sun emits virtually all of its radiation energy in a spectrum of 
wavelengths that range from about 2x1 o-7 to 4x1 Q-6 m_ The great 
majority of this energy is in the visible region. Each wavelength 
corresponds to a frequency and an energy; the shorter the 
wavelength, the higher the frequency and the greater the energy 
(expressed in eV, or electron volts; an eV is the energy an electron 
acquires when it passes through a potential of 1 Vin a vacuum). 

which cause the skin to 
tan, have more energy 
than those in the visible 
region. Photons in the 
infrared region, which 
,ve feel as heat, have less 
energy than the photons 
in the visible region. 

The movement of light 
from one location to 
another can best be 
described as though it 
were a wave, and different 
types of radiation are char
acterized by their individ
ual wavelengths. These 
wavelengths-the distance 
from the peak of one wave 
to the peak of the next
indicate radiation with dif
ferent amounts of energy; 
the longer the wavelength, 
the less the energy. Red 
light, for example, has a 
longer wavelength and 
thus has less energy than 
violet light. 

Earth receives a tiny frac
tion of this energy; still, 
an average of 1367 W 
reaches each square meter 
(m2) of the outer edge of 
the Earth's atmosphere. 
The atmosphere absorbs 
and reflects some of this 
radiation, including most 

x-rays and ultraviolet 
rays. Yet, the amount of 
sunshine energy that hits 
the surface of the Earth 
every minute is greater 
than the total amount of 
energy that the world's 
human population con
sumes in a year. 

When sunlight reaches 
Earth, it is distributed un
evenly in different regions. 
Not surprisingly, the areas 

Atmospheric 
scattering 
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-~h~/ ;.--;,' I 'I\/ I ]-
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}Absorbed~/ t \-:..... 
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Diffuse 

8A-G0633315 

Each second, the sun 
releases an enormous 
amount of radiant energy 
into the solar system. The 

The Earth's atmosphere and cloud cover absorb, reflect, and scatter 
some of the solar radiation entering the atmosphere. Nonetheless, 
enormous amounts of direct and diffuse sunshine energy reach the 
Earth's surface and can be used to produce photovoltaic electricity. 
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Although the quantity of solar 
radiation striking the Earth varies 
by region, season, time of day, 
climate, and air pollution, the 
yearly amount of energy striking 
almost any part of the Earth is 
vast. Shown is the yearly average 
radiation on a horizontal surface 
across the continental United 
States. Units are in kWh/m2. 

near the equator receive 
more solar radiation than 
anywhere else on Earth. 
Sunlight varies with the 
seasons, as the rotational 
axis of the Earth shifts to 
lengthen and shorten days 
as the seasons change. The 
amount of solar energy 
falling per square meter 
on Yuma, Arizona, in June, 
for example, is typically 
about nine times greater 
than that falling on 
Caribou, Maine, in 
December. The quantity 
of sunlight reaching any 
region is also affected by 
the time of day, the climate 
(especially the cloud cover, 
which scatters the sun's 
rays), and the air pollution 
in that region. These 
climatic factors all affect 
the amount of solar energy 
that is available to PV 
systems. 

The amount of energy 
produced by a PV device 
depends not only on avail
able solar energy but on 
how well the device, or 
solar cell, converts sun
light to useful electrical 
energy. This is called the 
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kWh/m2 

II Less than 3.32 
[il3.32-3.88 
03.88-4.43 

device or solar cell efficien
cy. It is defined as the 
amount of electricity 
produced divided by the 
sunlight energy striking 
the PV device. Scientists 
have concentrated their 
R&D efforts over the last 
several years on improv
ing the efficiency of solar 
cells to make them more 
competitive with conven
tional power-generation 
technologies. 

An Atomic 
Description of 
Silicon 

We use crystalline 
silicon to explain the 
photovoltaic effect for 
several reasons. First, crys
talline silicon was the semi
conductor material used in 
the earliest successful PV 
device. Second, crystalline 
silicon is still the most 
widely used PV material. 
And third, although other 
PV materials and designs 
exploit the PV effect in 
slightly different ways, 
knowing how the effect 
works in crystalline silicon 

04.43-4.99 
~4.99-5.54 
II Greater than 5.54 

gives us a basic under
standing of how it works 
in all devices. 

All matter is composed 
of atoms. Atoms, in turn, 
are composed of positively 
charged protons, negative
ly charged electrons, and 
neutral neutrons. The 
protons and neutrons, 
which are of approximate
ly equal size, comprise the 
dose-packed central 
nucleus of the atom, where 
almost all of the mass of 

All matter is composed of atoms. 
Positive protons and neutral 
neutrons, making up the bulk of 
the weight of an atom, are tightly 
packed in the nucleus. Negative 
electrons revolve around the 
nucleus at different distances, 
depending on their energy level. 



As depicted in this simplified 
diagram, silicon has 14 electrons. 
The four electrons that orbit the 
nucleus in the outermost, or 
valence, energy level are given 
to, accepted from, or shared with 
other atoms. 

the atom is located. The 
much lighter electrons 
orbit the nucleus at very 
high velocities. Although 
the atom is built from op
positely charged particles, 
its overall charge is neutral 
because it contains an 
equal number of positive 
protons and negative 
electrons. 

The electrons orbit the 
nucleus at different distanc
es, depending on their 
energy level; an electron of 
lesser energy orbits close 
to the nucleus, while one 
of greater energy orbits 
farther away. The 

electrons farthest from the 
nucleus interact with those 
of neighboring atoms to 
determine the way solid 
structures are formed. 

The silicon atom has 
14 electrons. Their natural 
orbital arrangement al
lows the outer four of 
these to be given to, ac
cepted from, or shared 
with other atoms. These 
outer four electrons, called 
valence electrons, play 

an important role in the 
photovoltaic effect. 

Large numbers of 
silicon atoms, through 
their valence electrons, 
can bond together to form 
a crystal. In a crystalline 
solid, each silicon atom 
normally shares one of its 
four valence electrons in 
a covalent bond with each 
of four neighboring silicon 
atoms. The solid, then, 
consists of basic units of 

~:--: ----- :::::::~ 
: I : 
• I 

I 
I 

. 

In the basic unit of a crystalline silicon solid, a silicon atom shares 
each of its four valence electrons with each of four neighboring 
atoms. 
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Light of sufficient energy can 
dislodge a negative electron from 
its bond in the crystal, creating a 
positive hole (a bond missing an 
electron). These negative and 
positive charges, which move 
freely for a time about the crystal 
lattice, are the constituents of 
electricity. 

five silicon atoms: the 
original atom plus the four 
other atoms with which it 
shares its valence electrons. 

The solid silicon crystal 
is composed of a regular 
series of units of five 
silicon atoms. This regular, 
fixed arrangement of 
silicon atoms is known as 
the crystal lattice. 

Meanwhile, the atom 
left behind by the freed 
electron contains a net 
positive charge in the form 
of the generated hole. This 
positive hole can move al
most as freely about the 
crystal lattice as a free 
electron in the conduction 
band, as electrons from 
neighboring atoms switch 
partners. These light-

Light generated charges, both 

Absorption: positive and negative, are 

Creating the c~n:tituents of 
electncity. 

Charge Carriers . 
When a photon of suffi- Forming the 

cient energy strikes a Electric Field 
valence electron, it may Photovoltaic cells con-
impart enough energy to tain an electric field that is 
free it from its connection 
to the atom. This leaves a 
space in the crystal struc
ture where an electron 
once resided (and 
bonded), called a "hole." 
The electron is now free to 
travel about the crystal lat
tice. The electron is now 
a part of the conduction 
band, so called because 
these free electrons are the 
means by which the crys
tal conducts electricity. 
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created when semiconduc
tors with different electri-
cal characteristics come 
into contact. The electric 
field drives positive and 
negative charges in op
posite directions. The 
movement of charge car
riers (through an external 
circuit) is what defines 
electricity. 

There are several ways 
lo form the electric field 

Incoming g 
fight ~ 

'-? 
;f, 

Light-generated 
free electron 

/ 

in a crystalline silicon PV 
cell. The most common 
technique is to slightly 
modify the structure of 
the silicon crystal. This 
technique, known as 
"doping," introduces an 
atom of another element 
(called the "dopant") into 
the silicon crystal to alter 
its electrical properties. 
The dopant has either 
three or five valence 
electrons, as opposed to 
silicon's four. 

Phosphorus atoms, 
which have five valence 
electrons, are used for 
doping n-type silicon (so 
called because of the 
presence of free negative 
charges or electrons). A 
phosphorus atom occupies 
the same place in the 
crystal lattice that was 
occupied formerly by the 
silicon atom it replaced. 
Four of its valence 
electrons take over the 
bonding responsibilities 
of the four silicon valence 
electrons that they 
replaced. But the fifth 
valence electron remains 
free, without bonding 



Substituting a phosphorus atom 
(with five vale~ce el~ctrons) tor 
a silicon atom m a silicon crystal 
leaves an extra, unbonded 
electron that is relatively tree to 
move around the crystal. 

_,_,.......,r..-..::::---.., Phosphorus 
atom 

I I 
I I 

1 0 I 
~Extra 

I unbound 
electron 

------
1 --.1_ _______ _ 

responsibilities. This un
bonded valence electron 
behaves like a permanent 
member of the crystal's 
conduction band. 

When numerous phos
phorus atoms are sub
stituted for silicon in a 
crystal, many free, 
conduction-band electrons 
become available. The 
most common method of 
substitution is to coat the 
top of a layer of silicon 
with phosphorus and 
then heat the surface. This 
allows the phosphorus 

atoms to diffuse into the 
silicon. The temperature is 
then lowered so that the 
rate of diffusion drops to 
zero. Other methods of in
troducing phosphorus into 
silicon include gaseous 
diffusion, a liquid dopant 
spray-on process, and a 
technique in ,,vhich phos
phorus ions are driven 
precisely into the surface 
of the silicon. 

This n-type silicon can
not form the electric field 
by itself; it is also neces
sary to have some silicon 

Boron atom 

Substituting a boron atom (three valence electrons) for a silicon atom 
in a silicon crystal leaves a hole (a bond missing an electron) that is 
relatively free to move around the crystal. 
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altered to have the 
opposite electrical 
properties. Boron, which 
has three valence 
electrons, is used for 
doping p-type (positive
type) silicon. Boron is 
introduced during silicon 
processing, where silicon 
is purified for use in PV 
devices (see Chapter 3). 
When a boron atom as
sumes a position in the 
crystal lattice formerly oc
cupied by a silicon atom, 
there is a bond missing an 
electron-in other words, 
an extra hole. In p-type 
material, there are many 
more positive charges 
(holes) than free electrons. 

Holes are much more 
numerous than free 
electrons in a p-type 
material and are therefore 
called the majority charge 
carriers. The few electrons 
in the conduction band 
of p-type material are 
referred to as minority 
charge carriers. In n-type 
material, electrons are the 
majority carriers, and 
holes are the minority 
carriers. Both p-type and 
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n-Side 

Extra electrons 
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n-type silicon are by them
selves electrically neutral; 
that is, each material con
tains an equal number of 
negatively charged 
electrons and positively 
charged protons. 

The majority charge car-
riers, however, have excess 
energy that is not bound 
up in valence bonding 
with neighboring atoms. 
This higher energy allows 
them to traverse the crys
tal lattice. The majority 
carriers-electrons in 
n-type and holes in p-type 
silicon-are the ones that 
physically respond to an 
electric field. Electrons are 
attracted to and holes are 
repelled by an electric 
field. 

Where n-type and 
p-type silicon come into 
contact, an electric field 
forms at the junction 

I 

(referred to as the p-n 

p-Side 
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process. The majority 
charge carriers are more 
energetic and more mobile 
than the minority carriers. 
They are therefore able to 
move from where they are 
highly concentrated across 
the junction to a lower con
centration. This is called 
diffusion. In addition, they 
are attracted (electrically) 
by the opposite charge 
of the majority carriers 
across the junction. In the 
immediate area of the junc
tion, the "extra" electron 

n-Side 

Although both materials 
are electrically neutral, 
n-type silicon has excess 
electrons and p-type 
silicon has excess holes. 

from the phosphorus fills 
the hole across the junc
tion in the boron atom. 
Holes then overpopulate 
the immediate vicinity of 
the interface on the n-typ( 
side; electrons overpopu
late the p-type side. This 
overabundance is true 
only in the immediate 
vicinity of the junction, 
however. The bulk of the 
n-type silicon is still popu
lated with negative char
ges; holes remain the 
majority charge carriers 

p-Side 

interface, or p-n junction). 
Like flood waters breaking 
through a dam, some 
majority charge carriers on 
each side rush over to the 
other side. There are two 
forces at work in this 

When n- and p-type silicon come into contact, electrons move from 
the n-side to the p-side. This causes a positive charge to build on the 
n-side of the interface (or p-n junction) and a negative charge to form 
on the other side. 
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n-Side p-Side 

The buildup of excess positive and negative charges on either side of 
the junction creates an electric field across the interface; the strength 
of this field depends on the amount of dopant in the silicon. At 
equilibrium, the electric field repels any additional crossover of holes 
from the p-side or electrons from the n-side. 

in the bulk of the p-type 
silicon. 

At equilibrium, when 
all the charge carriers 
have settled down again, 
a net charge concentration 
exists on each side of the 
junction. This overpopula
tion of opposite charges 
creates an electric field 
across the interface. The 
strength of the electric 
force field depends upon 
the amount of dopant in 
the silicon-the more 
dopant we have, the 
greater will be the dif
ference in electrical proper
ties on each side and the 
greater the strength of the 
built-in electric field. 

The Electric 
Field in Action: 
Driving the 
Charge Carriers 

When a photon of light 
energy is absorbed by a 
silicon atom, an electron
hole pair is created, and 
both the electron and the 
hole begin moving 
through the material. If 
nature were left to take 

its random course, they 
would recombine in about 
a millionth of a second 
and contribute nothing to 
an electrical current. But 
PV cells are so constructed 
that minority carriers have 
a good chance of reaching 
the electric field before 
recombining. 

When a minority carrier 
(on either side of the junc
tion) comes close enough 
to feel the force of the 
electric field, it is attracted 
to the interface; if the car
rier has sufficient energy, 
it is propelled over to 
the other side. Majority 

n-Side 

carriers, on the other hand, 
are repelled by this same 
electric field. 

By acting this way, the 
field sorts out the 
photogenerated electrons 
and holes, pushing new 
electrons to one side of the 
barrier and new holes to 
the other. This sorting-out 
process is what gives the 
push to the charge carriers 
in an electrical circuit. 
Without the electric field, 
charge carriers generated 
by the absorption of light 
would go nowhere except 
back into the lattice. 

p-Side 
....,,,...,,.,,-.,.,c=c-:c=,.,- c-:c==.,,..,,.,,..,,...,., 

When sunlight striking a cell creates charge carriers, the electric field 
pushes new electrons to one side of the junction and new holes to 
the other. This sorting-out process is what drives the charge carriers 
in an electric circuit. 

82 15 



16 

Sunlight 

Antireflection coating 
Transparent adhesive lllll 
Cover glass Current---+ 

p-Type semiconductor---~ 

Attaching an external circuit allows the electrons to flow from the 
n-layer through the circuit and back to the p-layer where the 
electrons recombine with the holes to repeat the process. 

Attaching an external 
circuit allows the electrons 
to flow from then-layer 
through the circuit and 
back to the p-layer, where 
the electrons combine with 
the holes to repeat the 
process. If there is no exter
nal circuit, the charge car
riers collect at the ends of 
the cell. This buildup con
tinues until equilibrium 
voltage (called the open
circuit voltage) is reached. 

Energy Band 
Gaps 

When photons of sun
light strike a PV cell, only 
the photons with a certain 
level of energy are able to 
free electrons from their 
atomic bonds to produce 
an electric current. This 
level of energy, known as 
the band-gap energy, is the 
amount of energy required 
to move an outer-shell 
electron from the valence 
band (or level) to the con
duction band (or level). 

atomic structures of the 
same material. 

For crystalline silicon, 
the band-gap energy is 1.1 
electron-volts (eV). An 
electron-volt is equal to 
the energy an electron 
acquires when it passes 
through a potential of 
1 volt in a vacuum. Other 
PV cell materials have 
band-gap energies ranging 
from 1 to 3.3 e V. The 
energy of individual 
photons in light is also 
measured in e V. Photons 
with differedt energies 
correspond to distinct 
wavelengths of light. The 

entire spectrum of sun
light, from infrared to 
ultraviolet, covers a range 
of about 0.5 e V to about 
2.9 eV. Red light has an 
energy of about 1.7 eV; 
blue light has an energy of 
about 2.7 eV. 

One key to obtaining an 
efficient PV cell is to con
vert as much sunlight into 
electricity as possible. 
Choosing the best absorb
ing material is a very im
portant step, because the 
band-gap energy of the 
material determines 
how much of the sun's 
spectrum can be absorbed. 

====,,..,...,.,....,.,,..,,,.,--,M 
M 

M 
ID 
0 
0 

;f, 

It is different for each 
material and for different 

Photons with energies greater than the semiconductor material's 
band-gap energy are required to move electrons from the valence 
band to the conduction band and produce a current; crystalline 
silicon's band-gap energy is 1.1 eV. 
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Light energy 

BA-G0633314 

<1.1 eV <1.43 eV <1.7eV 

Different PV materials have different characteristic energy band gaps. Photons with energy greater than 
the band gap may be absorbed to create electron-hole pairs. Photons with energy less than the band gap 
pass through the material or create heat. 

Silicon, for example, re
quires photons to have an 
energy of at least 1.1 eV 
to be absorbed and create 
pairs of charge carriers. 
Photons with less energy 
eitherpass right through 
the silicon or are absorbed 
as heat. Photons with too 
much energy are absorbed 
and contribute free charge 
carriers, but they also heat 
up the cell. About 55% of 
the energy of sunlight can
not be used by most PV 
cells because this energy 
either is below the band 
gap or carries excess 
energy. Researchers are 
working on advanced cell 
designs that can reduce 
those losses. 

Materials with lower 
band-gap energies can 
exploit a broader range 
of the sun's spectrum of 
energies, creating greater 
numbers of charge carriers 
(greater current). We 
might conclude that 
material with the Im-vest 
band gap would thus 
make the best PV cell. Gut 
it isn't quite that simple. 
The band-gap energy also 

influences the strength of 
the electric field, which 
determines the maxim um 
voltage the cell can 
produce. The higher the 
band-gap energy of the 
material, the higher the 
open-circuit voltage. 

The power from an 
electrical device such as a 
PV cell is equal to the 
product of the voltage (V) 
and the the current (0. 

Low-band-gap cells have 
high current but low volt
age; high-band-gap cells 
have high voltage and low 
current. A compromise is 
necessary in the design 
of PV cells. Cells made of 
materials with band gaps 
between 1 eV and 1.8 eV 
can be used efficiently in 
PV devices. 
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Don't Spill the Beans! 
"\I// 

✓ - Summary 
Students illustrate the concept of energy efficiency through a 
relay race. 

Objectfves 
Students will be able to 

identify evidence of the sec
ond law of thermodynamics 
during the conversion of 
chemical energy to light 
energy; 
calculate the system efficiency 
for a variety of conversion 
processes; and 
compare the system efficiency 
of certain conversion devices 
and systems. 

Rationale 
Students gain a better apprecia
tion of how energy is used by 
investigating the second law of 
thermodynamics and how this 
law relates to system efficiencies. 
In addition, students learn how 
individual actions contribute to 
using energy more efficiently. 

Materials 
2 lamps, one lit with a 75-
watt incandescent bulb and 
the other with a 20-watt 
compact florescent bulb 
Copies or overhead trans
parency of Calculating Sys
tem Efficiencies (optional) 
Each relay team will need the 
following: 

Beans (at least 100) 
An unbreakable bowl 
A spoon or fork 
2 unbreakable plates 
A cup 

Tweezers (optional) 

KEEP Energy Education Activity Guide 

86 

Copies of Comparison of 
Efficiencies (optional) 
Broom and dust pan (option
al) 

Background 
NOTE: For a brief overview of 
relevant background for this 
activity, see Generating 
Electricity from Coal and the 
illustration The Efficiency of 
Electric Power Delivery 
Systems. 

Suppose you paid $100 a year to 
light your home. What if you 
found out that only five dollars of 
this payment went toward paying 
for light? Would you feel short
changed? What about the other 
$95 of energy you paid for? Where 
did it go? 

If you light your home with 
incandescent light bulbs, most of 
your $100 paid for the heat the 
light bulb generated rather than 
the light. A light bulb is one of 
many types of conversion devices. 
Its purpose is to convert electrical 
energy to light energy. NOTE: the 
efficiency of incandescent light 
bulbs can range from five to ten 
percent. 

During the conversion process, 
all the energy that enters a 
conversion device is turned into 
other forms of energy. That is, 
you end up with an equal quanti
ty of energy before and after 
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conversion. This is another way of 
stating the first law of thermody
namics (energy can neither be 
created nor destroyed; see 6-12 
Energy Sparks for Theme I: 
The Laws of Thermodynamics on 
page N 215 for more information). 

However, not all the energy is 
converted into the desired form of 
energy (e.g., light). Although the 
quantity of energy is the same 
before and after conversion, the 
quality is different. An incandes
cent light bulb has a thin wire fil
ament mounted inside it. When 
the bulb is turned on an electrical 
current passes though the fila
ment, heating it up so much that 
it emits light. The heat energy 
that is produced by the light bulb 
is often called waste heat, 
because it is difficult to use this 
form of energy to do work. 

The energy that is wasted when a 
light bulb shines exemplifies the 
second law of thermodynamics, 
which states that with each 
energy conversion from one form 
to another, some of the energy 
becomes unavailable for further 
use (see 6-12 Energy Sparks for 
Theme I: The Laws of Thermody
namics on page N 215 for more 
information). Applied to the light 
bulb, the second law says that 
100 units of electrical energy can
not be converted to 100 units of 
light energy. Instead, of the 100 
units that are used to generate 
light, 95 are needed to heat the 
filament. 

The word efficiency describes how 
much of a given amount of energy 
can be converted from one form lo 
another useful form. Due to 
unavoidable compliance with the 
second law of thermodynamics 
and the capabilities of' current 

Nl28 

Efficiency of Energy Converters 

ELECTRIC GENERATOR 

LARGE ELECTRIC MOTOR 
ORY CELL BATTERY 90 

LARGE STEAM BOILER 

HOME GAS fURNACE 

STORAGE BATTERY 

HOME OIL FURNACE 

SMALL ELECTRIC MOTOR 

80 

70 

FUEL CELL 60 

LIOUID-FUEL ROCKET 
STEAM TURBINE 

50 

STEAM POWER PLANT 40 
GAS LASER 
DIESEL ENGINE 
AIRCRAFT GAS TURBINE 
INDUSTRIAL GAS TURBINE 

HIGH-INTENSITY LAMP 

SOLID-STAT( LASER 30 

AUTOMOBILE ENGINE 

FLUORESCENT LAMP 20 

WANKEL [NGIN[ ---· 

SOLAR C[LL -10 
STEAM LOCOM01IVf: 
TH(RMOCOUPL[ 

INCAND[SC[NT LAMP 

0 

From .. Effiri<•ncy of Energy Converler:-;'· hy Claud<• I'vl. Su11111H•r:.;. Copyright ·c, 1~J71 liy Sci<.'11tific 

Anwrican. Inc. All rights n•:•a_•rved. 
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Generating Electricity from Coal 

Let's examine a system for lighting an incandescent light bulb, using ener
gy that originally comes from coal. 

The coal that is mined contains a certain amount of energy. I3ut energy 
was used to mine the coal, which must be counted as part of the input. 
After washing and sorting, the coal must next be transported to the power 
plant. It takes energy to transport coal. This energy use must be added to 
the input side of the ledger. 

Coal (1) (the numbers refer to the related sections of the figure below) is 
burned in the furnace (2) at the electric power plant. The steam (3) turns 
a turbine that turns the generator (4). Each of these conversion steps has 
its own efficiency. In the end, only about one-third of the energy of the coal 
entering the plant is converted to electrical energy (6). The other two
thirds is wasted as heat. It goes up the stack (5) with the hot exhaust gases 
or into the cooling tower (7). 

The electrical energy must now be transported over high-voltage trans
mission lines (8) and a lower-voltage distribution system. As the energy 
flows through transformers (to step the voltage up or down), it heats up the 
conductors and disappears into the surroundings. Therefore, energy is lost 
during transmission. 

The remaining energy now arrives at the lamp. At this point, most of the 
energy is lost in the process of heating the filament in the incandescent 
light bulb. Only five percent of the energy entering the light bulb is actu
ally converted to visible light. This illuminating energy is finally absorbed 
by some object within the room and converted into heat. 

Frnrn Chn,.;tt•n,.;en: Globol Sci<'IIC<': /~11<'1"/.:.)', Uc:wurc{'S, /:,'11uirnnr11c1lf, 3rd /~ditio11.. Cop_ni:..::!i( < !~Vil/ 11_\' 

l"\,·1HLill/l{u11l Pu!ili:d1in~ Company. ll:-,<•d with fH'nui,.;:.:im1 
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technologies, most of the modern 
conversion devices-such as light 
bulbs and engines-are inefficient 
(see Efficiency of Energy Con
verters). The amount of usable 
energy that results from the 
conversion process (electricity 
generation, lighting, heating, 
movement, etc.) is significantly 
less than the initial amount of 
energy. In fact, of all the energy 
that is incorporated into technolo
gies such as power plants, 
furnaces, and motors, only about 
16 percent is converted into prac
tical energy forms or used to cre
ate products. Where did the other 
84 percent go? Most of this energy 
is lost as heat to the surrounding 
atmosphere. 

If there is so much room for 
increasing efficiency, why have 
these improvements not occurred? 
When light bulbs and other 
conversion devices were first 
invented, energy supplies seemed 
abundant and there was not 
much concern for the waste heat 
they generated as long as their 
primary purpose (e.g., light, 
movement, and electricity) was 
accomplished. However, as it is 
becoming apparent that the 
energy supplies-primarily fossil 
fuels-that we use are indeed lim
ited, one goal of technology has 
been to make conversion devices 
more efficient. 

The light bulb is one example of a 
conversion device for which a 
more efficient alternative has 
been developed. This alternative, 
the compact florescent light bulb 
(CFL), was commercially intro
duced in the 1980s. Instead of 
using an electric current to heat 
thin filaments, the CFLs use 
tubes coated with florescent 
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relay. If there are too few stu
dents, reduce the number of 
students in the transmission 
line or have the relay be a 
demonstration where one 
group of students illustrates 
the process and the rest of the 
class provides comment. 

6. Take the class to the large 
playing area and have the 
teams line up in different 
places. Make sure the dis
tance between each of the 
team members is correct and 
that the bowls of beans, 
spoons, plates, and cups are 
distributed to the appropriate 
team members. NOTE: An 
option is to give each team 
100 beans, then count the 
number of beans at the end of 
each step to see how closely 
the game results comply with 
true efficiencies. In this case, 
they would end up with 26 
beans in the cup. However, a 
general observation by the 
students of reduction of beans 
from many to a few will suf
fice. 

7. Share the following inform a -
tion with students before 
starting the game: 

The teams are racing each 
other. 
The time keepers record 
how long it takes for the 
teams to complete the 
relay and which was 
fastest. An alternative is 
to allot time limits to each 
part of the relay and the 
time keeper can make 
sure team players do not 
stay too long on each task. 
Spilled beans can be 
picked up only if a team 
spills all their beans. 
Spilling all the beans 

means that there has 
been a breakdown in the 
system. The team should 
pick up as many beans as 
possible and continue the 
game (picking up the 
beans represents mainte
nance time and 
energy). 
While they should not try 
to lose beans unnecessari
ly, they should also avoid 
being too careful. Stu
dents representing "Law 
Enforcement" can make 
sure the second law of 
thermodynamics is 
obeyed. For example, they 
can interrupt the careful 
team and take some of 
their beans. (The confis
cated beans represent 
either the energy used to 
mine and transport coal 
or a kind of "heat tax" 
that most be "paid" in 
order for an energy 
coversion to occur.) 

8. Begin the relay. The game is 
complete when one of the 
teams has a student holding a 
bean that represents light 
energy over his or her head. 
Repeat the game if time 
allows, making adjustments 
to the game to better repre
sent actual system efficiency. 

Closure 
Discuss the results of the relay 
and what "spilling the beans" rep
resented. Review how energy is 
used in each conversion process 
or transfer and mention that 
many energy transfers and con
versions arc inefficient. Discuss 
how the system could realistically 
be made more efficient and how 
the game could be adjusted to 
illustrate these efforts. 
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Emphasize realism, because stu
dents could try to spoon or carry 
the beans carefully, but even in 
this process they are using energy 
which could be represented as a 
mandatory loss of beans. 

Point out that the last stage of 
the relay represents an incandes
cent light bulb, which converts 
only five percent of the electrical 
energy to light. Provide students 
with information about the com
pact florescent light bulb and how 
it is designed to be more efficient. 
How could they adjust the relay 
to simulate a compact florescent 
light bulb that can convert 20 
percent of the electrical energy it 
receives into light? 

Assess1nent 
Fonnative 

Can students describe the 
steps needed to convert the 
chemical energy in coal to 
light energy? 
Arc students able to provide 
examples that explain why 
each step is not 100 percent 
efficient? 
Ask students to identify how 
individuals can help improve 
system efficiency (students 
should mention actions such 
as using energy efficient 
appliances). 

Sununative 
Provide students with efficiencies 
for other conversion systems and 
have them calculate and compare 
system efficiencies (see Compari
son of Efficiencies). Students 
can also create relay races or tag 
games to simulate these conver
s10n processes. 

Don't SpiH the Beans! 



Resources 
For Teachers 
Christensen, John W. "System 
Efficiency" pp. 93-97 in Global 
Science: Energy, Resources, Envi
ronment, 3rd Edition. Dubuque, 
Iowa: Kendall/Hunt Publishing 
Co., 1991. 

Miller, G. Tyler Jr. Living in the 
Environment: An Introduction to 
Environmental Science, 7th Edi
tion. Belmont, Calif.: Wadsworth 
Publishing Co., 1992. 

Smil, Vaclav. General Energetics: 
Energy in the Biosphere and Civi
lization. New York: John Wiley 
and Sons, 1991. 

Summers, Claude M. "Efficiency 
of Energy Converters." Scientific 
American 225, no. 3 (1971): 149-
160. 

U. S. Department of Energy. 
"Energy Efficient Lighting." Fact 
sheet. Online Internet. Available 
fall 1996. HTTP: 
http://www.nrel.gov/documents/ 
erec_fact_sheets/light.html 

Related KEEP Activities 

Wilson, Alex and John Morrill. 
Consumer Guide to Home Energy 
Savings, 4th Edition. Berkeley: 
American Council for an Energy 
Efficient Economy, 1995. 

Complementary Activities 
American Coal Foundation. Coal 
Activities for Secondary Students. 
Washington, D.C.: American Coal 
Foundation, n.d. 

American Coal Foundation. 
Discovering Coal Kit. Washington 
D.C.: American Coal Foundation, 
6.5 min., 1994. Videocassette and 
teacher's guide. 

Center for Energy and Economic 
Development. America's Fuel. 
Produced and directed by Galli
na/Bricker, Inc., 11 min., n.d. 
Videocassette and teacher's guide. 

Gartrell, Jack E. and Larry E. 
Schafer. Evidence of Energy: An 
Introduction to Mechanics, Booh 
Two. Washington, D.C.: National 
Science Teachers Association, 
1990. 

Lord, John and Glenn Braaten. 
Teaching About Energy, Part I: 
Energy Fundamentals. Santa 
Monica, Calif.: Enterprise for 
Education, 1991. 

U. S. Department of Energy, 
Office of Fossil Energy. Dinosaurs 
and Power Plants: The Formation 
of Coal. Washington, D.C.: U. S. 
Department of Energy, Office of 
Fossil Energy, 1992. 
DOE/FE0200P. 

For Students 
Channing L. Bete. What Everyone 
Should Know About Electricity 
from Coal. South Deerfield, 
Mass.: Channing L. Bete, n.d. 

Conducting "Station Break" pri01· to this activity would help students classify common energy convernions in their 
lives. Having students participate in "Digging for Coal" also enhances their understanding of efficiency and envi
ronmental issues associated with energy resource development. Students may need an overview of how electricity 
gets Lo their home, sec "Where Does It Get ft's Energy?" Extend "Don't Spill the Beans 1" by having students com
plete exercises found in G-12 Energy Sparks fo1· Therne I: The Laws of Thennodynamics. Ene1·gy efficiency in 
biological communities is addressed in activities such as "Diminishing Returns" and "Solar Energy and the Car
bon Cycle." Use surveys for lighting and other electrical appliances in "Creating an Energy End Use Survey Plan" 
and "The Cost of Using Energy," along with "Reading Utility Bills" and "Reading Utility Meters," to enhance stu
dents' appreciation of how much electricity they use and how much it costs to use it. Many ideas for increasing 
energy efficiency arc found in Action Ideas: Energy Efficiency l\1easures. Another possible extension is found in 
G-12 Eneegy Sparks fo1· Theme II: l\1a/;e a Li~ht Bulh. In the Appendix, there's information about the Energy 
Bike. This unique teaching aid has students learn about. energy efficiency and other concepts, while riding a sta
tionary bicycle. 
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Calculating Systen1 Efficiencies 
Fro111 l,0rd, John and Glenn Braaten ... Calculating System Efficiencies" pp.: 1-157 in Encq~y Fun&1m<•ntals. Santa r-.tonic.<1: Entcrpri.-::<' for Educatio11 , 1991. 

Imagine a system that has only two components. Component A has an efficiency of 50 percent and compo
nent I3 has an efficiency of 20 percent. Make a drawing like this on the chalkboard. 

50% 20% 

[I] 
Suppose we put in 100 units of energy. How may units of useful energy will we get out of A? 
(Answer: 50 percent of 100 units = 50 units) 

50% 20% 
100 units 0 50 units [I] 
So, we have 50 units we can put into I3. How many units of useful energy will we get out of B? 
(Answer: 20 percent of 50 energy units = 10 energy units). 

50% 
100 units 0 
What is the efficiency of the whole system? 

Answer: energy out 
energy m 

10 units 
100 units 

20% 
50 units [I] 10 energy units 

= 10 percent 

Is there a way of calculating the system efficiency without calculating what's left after each step? 
Some students may perceive that there is. If not, point out that multiplying the efficiencies of all compo
nents gives the system efficiency: 

50 % X 20 % = 10% 

Therefore, for the system efficiency for converting chemical energy in coal to light energy is as follows: 

Mining 

9G'½i X 

Nf 36 

Transporting Electrical 
Generation 

X 33'¼, X 

Transmission 

85% X 
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Lighting 

= 1.3% 
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Location of energy 

In the chemical bonds 
of coal in the ground 

In the chemical bonds 
of coal in trains 

In the chemical bonds 
of coal that arrives at 
the power plant 

In the electricity 
generated by power 
plant 

In the electricity 
traveling to lamp with 
incandescent light bulb 

In the light energy 
being emitted from the 
light bulb 

Converting Cl1emical E11ergy to 
Ligl1t Energy 

Represented by Energy Steps of the conversion Efficiency Steps of the relay simulating energy 
content process conversion process 

Bowl of beans at one 100% Coal is mined out of the I. The student representing the miner takes 
end of the relay field energy in ground. (Energy is needed 96% beans one spoonful at a time from the 

coal for mining process.) bowl to plate A that represents a train car. 
Beans on Plate A 96%of Coal is transported to the 2. A second student carries plate A to power 

original plant. (Energy is needed by 97% plant and pours beans on to plate B. 
energy in trains to cany the coal.) 

coal 
Beans on Plate 8 Coal is processed and 3. A third student holds plate B and spins 

93%of burned at the power plant. around in a circle 5 times. 
original Burning is used to boil water 33% 

energy in that creates steam which 
coal turns a turbine and generates 

electricity. (Large amount of 
excess heat energy from 
steam, friction, etc. is 
released.) 

Remaining beans on 31%of Electricity is transmitted to 4. A row of students pass beans to each 
PlateB original homes through power lines. 85% other one at a time. The last student puts 

energy in (Energy is used to overcome beans into a cup. Each student can only 
coal resistance and is lost as use one hand. 

heat.) 

Beans in a cup 26%of The electricity passes 5. A final student uses two fingers or a pair 
original through the filaments in an 5% of tweezers to pick up one bean and hold 

energy in incandescent light bulb. it up. 
coal (Most of the energy is used 

to heat the filan1ents that 
generates light.) 

Bean being held up by 1.3% of 
student original 

energy in 
coal 
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Roasted Peanuts 

NISO 

Summary 
Students investigate how much energy is stored in foods by burn
ing a peanut and calculating how many calories of heat it 
released. 

Objectives 
Students will be able to 

explain that food contains 
energy; 
describe how energy in food 
can be measured; and 
relate good eating habits to 
consumption of food energy. 

Rationale 
Understanding that foods contain 
energy helps students appreciate 
their dependence on energy. Cal
culating the amount of energy in 
foods promotes students' under
standing that energy can be mea
sured and supports the knowl
edge that energy is converted 
from one form to another. 

Materials 
Nutrition labels found on 
packaged foods (optional) 
Copies of Table of Caloric 
Contents of Selected Foods 
(optional) 
Copies of Building and 
Using a Simple Calorime
ter Activity Sheet 
All materials listed on Build
ing and Using a Simple 
Calorimeter Activity Sheet 
Copies of Data and Results 
Table 
Copies of Calorics Used 
during Physical Activities 
(optional) 
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Background 
Did you know that a jelly dough
nut contains enough chemical 
energy-Dr stored potential 
energy-to accelerate a large car 
from zero to 70 miles per hour? 
(See The Encrgy-Pachcd Jelly 
Donut). It is amazing that an 
item so small can hold so much 
energy. Where did this energy 
come from and where is it stored 
in the doughnut? 

The energy in the food we cat, 
including jelly doughnuts, initial
ly came from the sun. Through 
photosynthesis, plants use the 
sun's energy to recombine atoms 
from carbon dioxide and water to 
make sugars such as glucose. The 
energy used during photosynthe
sis is stored in the chemical bonds 
of glucose. 

For organisms to retrieve the 
energy that is stored in food, the 
chemical bonds must be broken. 
The cells in our bodies break the 
bonds in food molecules in a 
process similar to burning. When 
wood is burned, however, a lot of 
energy is released at once. This 
type of burning would be deadly if 
it took place in our cells. Even 
releasing all the energy from a 
single glucose molecule at once 
would be like trying to light a 
candle with a welding torch 
(remember that the energy stored 
in a jelly doughnut is equal to 
that of ,1 speeding car). 

Evidence of Energy 



People Power 

Summary 
Students discover the difference between work and power by 
climbing stairs slowly and quickly and also learn to convert from 
one unit of power to another. 

Objectives 
Students will be able to 

explain the difference 
between work and power; 
explain that they do work and 
expend power while climbing 
a flight of stairs slowly and 
quickly; and 
convert from one unit of 
power to another. 

Rationale 
This activity allows students to 
use their own experience to 
explain the difference between 
work and power. 

Materials 
Copies of Calculating Worh 
and Power by Climbing 
Stairs 
Bathroom scales (optional) 
Clipboards (optional) 
Rulers (yardsticks or meter 
sticks are optional) 
Stopwatch, digital watch, or 
watch with second hand 
Light bulb, preferably a 100-
watt incandescent bulb 
(optional) 

Background 
When people say the words 
energy, work, or power in 
everyday conversations, listeners 
usually have little trouble under
standing what these words mean. 
For example, one teacher might 
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say to another, "I put a lot of 
work into my lesson plan last 
night and it paid off. Today's 
class went really well." The other 
teacher would understand imme
diately what the first is talking 
about. 

But what are the scientific defini
tions of energy, work, and power? 
Are they related to each other in 
some way? Energy is often 
defined as the ability to do work. 
In turn, work has a specific defin
ition in physics-it is equal to the 
force needed to move an object 
multiplied by the distance it is 
moved. Although the teacher 
planning the next day's lesson 
during the evening may say that 
he is doing work, by definition, 
work is done only when the 
teacher actually moves some
thing, such as moving his pen to 
write his lesson plan. 

To determine how much work a 
person does to move themselves, 
we need to measure the force 
exerted and the distance traveled. 
An easy way to do this is to have 
a student climb a CTight of stairs. 
To climb the stairs, the student 
must do work to overcome gravi
ty. The work done is equal to her 
weight, which is the force she 
must exert to overcome gravity, 
multiplied by the height of the 
staircase. For example, the work 
done by a student weighing 100 
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pounds and climbing a 10-foot 
high staircase is 

Work = Force x Distance 

student's weight x 
height of stair 
case 

100 pounds x 10 
feet 

1000 foot-pounds 
of work 

The horizontal distance she trav
eled when going up the stairs is 
not counted since this distance is 
not in a direction that overcomes 
gravity. 

Would the work done by a stu
dent slowly walking up the stair
case be different than if she ran 
up the same staircase? No, 
because the definition of work 
does not take into account the 
time needed to climb the stairs 
(work equals force multiplied by 
distance). Yet the two situations 
are different. When the student 
runs up the stairs, she does the 
same amount of work in less time 
than when she walks up the 
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stairs. In other words, she works 
faster. The term that expresses 
this difference is power, which is 
defined as the work done per unit 
of time, or the rate of doing work. 
In terms of a formula 

Power = work done 
time 

for stair climbing 

Power = weight (pounds) x 

height of stairs (feet) 
time (seconds) 

The power output of the student 
walking up the stairs in 10 sec
onds is 

Power work done 
time 

100 pounds x 10 feet 
10 seconds 

100 foot-pounds per 
second 

The power output of the same 
student running up the stairs in 
two seconds is 

Power = 100 pounds x 10 feet 
2 seconds 

= 500 foot-pounds per 
second 

The units for power in the exam
ple above-foot-pounds per sec
ond--can be expressed in terms of 
horsepower, a more familiar unit 
often used to describe the power 
of automobile and lawnmower 
engines (see Watt's a Horsepow
er? for the origin of the unit of 
horsepower). One horsepower 
equals 550 foot-pounds per sec
ond. Using the example above. 
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the power output of the student 
walking up the stairs in horse
power rs 
I 00 ft. lb/sec. x l horsepower 

550 ft. lb/sec. 

= 0.18 horsepower 

The power output of the same 
student running up the stairs in 
horsepower is 

500 ft. lb/sec. x 1 horsepower 
550 ft. lb/sec. 

= 0.91 horsepower 

Another unit of power often asso
ciated with electrical equipment 
like light bulbs, hair dryers, and 
stereo amplifiers is the watt. One 
watt is equal to one joule of work 
done per second, where a joule is 
the metric equivalent of a foot
pound unit of work (one joule 
equals 0. 7 4 foot-pounds). Howev
er, the watt not only expresses 
electrical power. It describes the 
power output of engines and stu
dents running up stairs just as 
well as the horsepower does. The 
watt is a small unit of power-it 
takes 746 of them to equal one 
horsepower. Therefore, multiples 
of the watt, such as the kilowatt 
(1,000 watts) or the megawatt 
(one million watts), are often 
used. A point worth remembering 
is that one horsepower equals 
about three-quarters of a kilo
watt. 

Remember, power is the rate at 
which work is done. However, 
unlike other rates, such as speed 
in miles per hour or wages in dol
lars per hour, power uses a single 
word-horsepower or watts-for 
its unit. People do not use foot
pounds per second and joules per 
second very much, which disguis-
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es the rate aspect of power. This 
may be why people lose track of 
what power means and confuse it 
with energy or work. We should 
remember that power is the rate. 
of doing work even though a sin
gle word unit is used. See the 
Power Data Table for example 
power outputs. 

Return to the stair-climbing 
example. The power output in 
watts of the student walking up 
the stairs is 

0.18 horsepower x 746 watts 
1 horoeporNer 

= 134 watts 

The power output in watts of the 
same student running up the 
stairs is 

0.91 hor.Jepo•,•,er x 746 watts 
1 horoepwNer 

= 678 watts, or about 2/3 of a 
kilowatt 

A power output of 678 watts 
means that the student running 
up the stairs does 678 joules of 
work every second. At the end of 
two seconds, the time it takes the 
student to reach the top of the 
stairs, she will have done 1,356 
joules (or 1,000 foot-pounds) of 
work. 

Saying that a student expended 
two-thirds of a kilowatt of power 
running up the stairs sounds 
impressive. This is the same 
amount of power produced by 
more than six 100-watt light 
bulbs. However, if the student's 
power output from running up 
t,he stairs could somehow be con
verted into electrical power, the 
bulbs would only stay on for two 
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seconds, hardly enough time to 
keep light bulbs on for any practi
cal purpose. Furthermore, a stu
dent cannot maintain a power 
output of two-thirds of a kilowatt 
by running up a staircase higher 
than ten feet for more than a few 
seconds without growing tired 
and slowing down. 

Running up stairs is not a practi
cal way to produce electricity. Is 
there another way to convert a 
student's mechanical power into 
electrical power for light bulbs? 
Yes. The student could ride a sta
tionary bicycle whose rear wheel 
is connected to a small electrical 
generator wired in a circuit to a 
light bulb. When the student ped
als the bicycle, she generates elec
tricity and lights the bulb. 

In fact, generating electricity 
using a power plant is similar to 
generating electricity by riding a 
stationary bicycle. The boiler in a 
power plant converts the chemical 
energy in fossil fuels into the 
kinetic energy of steam by burn
ing fossil fuels to boil water. This 
process is like a student's body 
converting the chemical energy 
from food into the mechanical 
energy of moving muscles. Like 
the rear wheel of the stationary 
bicycle, the turbine in a power 
plant is connected to an electrical 
generator. Heated steam pushing 
on the turbine blades spins the 
turbine, much like a student 
pushing on bicycle pedals spins 
the rear bicycle wheel. The 
mechanical energy of the spin
ning turbine or the spinning bicy
cle wheel is then converted into 
electrical energy by the generator. 
The electricity produced by the 
power plant generator travels 
through transmission lines to the 
lights in our homes. Similarly. 
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the electricity produced by the 
generator connected to the bicycle 
wheel travels through the wires 
of a circuit to light a light bulb. 

Finally, what about the teacher 
mentioned earlier who put a lot of 
work into his lesson plan? Does 
his brain's actual power output 
increase with extra mental effort? 
Studies that have measured the 
brain's power output showed that 
the difference between thinking 
hard and not doing so was about 
four watts-little more than the 
power output of a small candle 
burning to the end. Given human
ity's outstanding creative achieve
ments, and the great ideas teach
ers come up with for their lesson 
plans, "brain power" appears to 
be a real bargain. 

Conversions: 
I horsepower = 746 watts 

kilowatt (kW) = 1,000 watts 
megawatt (MW) = 1,000,00 watts, or 

1,000 kilowatts (kW) 

Procedure 
Orientation 
Ask students if a person does 
more work walking up a flight of 
stairs or running up the same 
flight of stairs. Note their 
answers. Tell students that they 
are going to try this activity 
themselves to sec if they are cor
rect. 

Steps 
1. Have students find a stair

case, measure its height, and 
time how long it takes to 
walk up and run up the stair
case. Students may try one of 
the following four approaches. 
NOTE: These approaches 
should be considered with 
respect, to students who may 
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Watts a Horsepower? 

The origin of the term "horsepower" seems obvious: it is the power output of a horse doing work of some kind. I3ut what 
exactly does this mean? How did the power of a horse come to be defined as precisely 550 foot-pounds per second? 

When steam engines first appeared in England at the turn of the eighteenth century, they were used to pump water from 
mines, a task that horse-driven pumps had previously done. Soon, steam engines were rated in terms of the number of 
horses they could replace, or their "horsepower." For example, a steam engine might be rated at four horsepower, mean
ing that it could replace four horses. Rating steam enigines this way gave people a general idea of a steam engine's power, 
but it was not a precise definition. How much power could horses actually produce? Were they big horses or small ones? 
What if the horses got tired after a while? 

Attempting to answer these questions, a number of steam engine inventors and developers defined horsepower on their 
own. Some of these definitions even had specific values_ For a time, however, no one could agree on a single definition for 
this unit, so few people took the horsepower rating of steam engines seriously. 

By the late eighteenth century, James Watt (1736-1819) had made major improvements to the steam engine (he did not 
invent it). Because of his work, steam engines became more efficient and economical to use. Watt eventually became a 
successful businessman and by 1800, he and his partners had produced over 500 steam engines and his improvements 
were readily adapted by other manufacturers. 

Watt understood that having different definitions of horsepower was confusing. How could customers compare steam 
engines made by different manufacturers, if different horsepower definitions were used? To end the confusion, Watt 
sought a definition of horsepower that everyone could a·gree with. He made a series of measurements to see how much 
weight an average horse could lift steadily. From this, Watt arrived at a figure of 550 foot-pounds per second. This value 
was eventually adopted and is now the accepted definition of one horsepower. 

However, there is nothing special about this particular definition. A horsepower could easily have been defined as 500 
foot-pounds per second. What must be remembered is that definitions of units are often chosen for convenience and arc 
not necessarily related to the laws of science. People agree to use certain units, because the definitions are sensible and 
because those who define the units are often in a position of influence in society. In the case of Watt, the success of his 
steam engines and his prominence as a scientist and businessman played as much a role in the adoption of his horse
power definition as did his measurements of a horse's ability to lift weights. 

Not only did Watt define horsepower, his fame eventually led the scientific community to name a metric unit of power 
after him. Toda_v, 011(' watt is defined as one joule of energy per second, and one horsepowe1· equals 74G watts. 

Frnm F<•r-guson, Eul-!etw S "Th(' Origins 

of tlH' St(·am Eng:111v" ~ci~·n1iri(' ,1\rncn· 
C<lll, ~J(l ll(J. l (l~l{;-1) ~l.'i 101 l):-:;(•d liy 
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Power Data Table 

A hummingbird in flight 

A small candle burning to the end 

Typical light bulbs used by homeowners 
Incandescent 
Compact fluorescent 

A gasoline powered lawnmower 

An adult human being running a 
l 00-meter dash in l O seconds 

A hair dryer 

A horse 
Doing fieldwork (average) 
Maximum (pulling a weight equal to 
35 percent of horse's body weight) 

Watt's steam engines 
Typical range 
Largest engines 

Automobiles 
Typical l 980s models 
Honda Civic GL 
Lincoln Town Car 

The Columbia power plant in Portage, WI 

A moon rocket (Apollo l l on a 
Saturn C 5 rocket) during launch 

The sun 

Horsepower 

0.00094 

0.004 

0.05 to 0.4 
0.012 to 0.044 

0.25 to 2 

1.74 

1.34 to 2 

0.94 

3 

10.7to21.4 
134 

67 to 161 
84 
150 

1.3 million 

3.5 million 

5.1Xl023 

Watts 

0.7 

3 

25 to 300 
9 to 33 

187to 1,500 

1,300 

900 to 1,500 

700 

2,240 (2.24 kW) 

8 to 16 kW 
100 kW 

50 - 120 kW 
63 kW 
112 kW 

1,000 MW 

2,600 MW 

3.8 X 1026 

Compil('d frorn "'Ldd<_' :\:!. l'm\tT L<•\"<•b of Eplit·111er;il l'he11om<•11,,:· p :l~O in S1111!. Vacl:iv. (;~'fl<'rol Fncrg<'fic.-.;: /.;11e1:~y ;11 the /hosphcrc 011 d Cn·t/i_-atrnu. 
!\\·w York .. lulrn \\'d(·\· ;111d Son...;, l~l~ll (J.-.;<•d \\'!Iii p<·nni~;-;ion. All 1·iglit . ...; n,•:--:,•n·ed 
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Part II 

Calculating Work a11d Power 
By Climbing Stairs (continued) 

5. Next, decide who will be climbing the stairs and who will be recording the time of the stair climber. 
Write the name and the weight of the stair climber in the blank spaces below. If the stair climber does 
not know his or her weight, either use a scale and measure it, estimate the stair climbers weight, or 
use a standard weight of 100 pounds. 

Name of stair climber---------------------~---

Weight of stair climber ___________ pounds 

6. Have the stair climber climb the stairs slowly and steadily. Record the time it takes in seconds in 
Table II under the column labeled "Slowly." You may want to practice this a few times to get an accu
rate time. 

7. Now have the same stair climber climb the stairs rapidly. This does not mean that the stair climber 
has to risk getting hurt by climbing the stairs as fast as possible. Record the time it takes in seconds in 
Table II under the column labeled '·Rapidly." You may want to practice this a fe\\. times to get an accu
rate time. 

Part III 

NOTE: it is important that the same stair climber climb the stairs slowly and rapidly because 
the same weight must be used to compare the work done while climbing the stairs for both cases. 

Table II 

Climbing Stairs Slowly Rapidly 

Time required (seconds) 

8. Calculate the work done by the stair climber in climbing the stairs slowly and rapidly using units of 
foot-pounds. Record your answers in Table [[[ below. 

Formula: Work done (foot-pounds)= height of staircase (feet) x weight of stair climbci- (pounds) 

Table III 

Climbing Stairs Slowly Rapidly 

Work done (foot-pounds) 

People Pow-er 
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Part V 

Calculating Work an.d Power 

by Climbing Stairs (continued) 

13. Suppose the power output of a person climbing stairs could somehow be directly converted into electri
cal power. How many 100-watt light bulbs could a person light by climbing the stairs slowly and rapid
ly? To figure this out, take the power outputs in watts for the stair climber from Step 12 and divide by 
100-watts. Record your answers in Table IV below. 

Table IV 

Slowly Rapidly 

Number of I 00 watt light 
bulbs a person could light 
by climbing stairs 

People Powc1· 
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Puzzling Wisconsin's Biological Communitie~ 

Nl88 

Su1nmary 
Students identify different Wisconsin biological communities 
based on hearing a series of energy-related clues. 

Objectives 
Students will be able to 

identify food chains in Wis
consin biological communities; 
analyze the roles energy plays 
in' the formation of Wisconsin 
biological communities; and 
provide examples to illustrate 
that the development and use 
of natural resources, includ
ing energy, affects plant and 
animal communities. 

Rationale 
Recognizing the role of energy in 
Conning and sustaining biological 
communities helps students 
appreciate energy in their lives. 

lV[aterials 
20 plastic eggs or some other 
small item 
A basket 
Copies of Energy and 
Ecosystems Chart (Student 
Page) 
Overhead transparency of 
Tension Zone map 
(optional) 
Copies of Biological Com
munity Clue Cards 
Copies of puzzle pieces (sec 
Getting Ready) 
Water-based marking pens 
Road map of Wisconsin 
(optional) 
Map detailing types of vegeta
tive cover in Wisconsin (see 
Hesou1T<•,:; [optional]) 
Copies of Bioloaica1 Com
munity Update Cards 
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Backgroun.d 
"Don't put all your eggs in one 
basket." is a familiar phrase used 
to caution people not to depend 
too much on one thing, such as a 
person, a resource, or a strategy. 
The same can be said for ecosys
tem management. In this case, 
the eggs represent energy and the 
basket symbolizes ecosystems 
(ecosystems are land areas char
acterized by the interactions 
among living and nonliving com
ponents found there). There is 
concern among some env1ronmcn
talists and land management 
planners that we are putting too 
much energy into one ecosystem 
at the expense of others. 

Human ecosystems, primarily 
urban and agricultural settings, 
are taking large amounts of nat
ural resources (including energy 
resources) from other ecosystems. 
In addition, to make room for 
growing human populations, land 
areas such as prairies are being 
plowed over to develop farms and 
cities. These activities can dam
age or destroy ecosystems. Reduc
ing the number of ecosystems 
diminishes ecosystem diversity, 
whici1 is one component ofbiodi
ve1·sity. Maintaining biodiversity 
is a way of keeping eggs in many 
different types of baskets. 

There are a variety of ecosystems 
in Wisconsin. Ecosystems can 
rang·c in size from a few square 
f<'t>I (meters) to thousands of 



Energy and Ecosystems 
Environmental Energy Connection 

influence (energy-related terms are in boldface type) 

Glaciers Changes in global temperature, among other conditions, allow for the formation of glaciers. 
Glaciers contain large amounts of potential energy which is converted to kinetic energy 
through pressure and gravity. The motion of glaciers carves and reshapes landscapes. The 
melting of glaciers (caused by an increase of heat energy) further defines the landscape by 
forming lakes, rivers, and wetlands. Glaciers plowed through all except the southwestern 
region of Wisconsin. A rolling plain covered by a layer of glacial till was what remained after 
the glaciers receded. Soil conditions in northern and soud1em parts of the state (generally 
above and below the tension zone) vary greatly because of glacial activity. 

Soil types Soil is formed by the erosion (mechanical energy) of rocks and the addition of organic 
matter (decomposition). The type of rocks in an area are determined by geologic processes. 
Soil can also be transported from one place to another by glaciers, rivers, and wind. 

Temperature The air is heated by energy radiating from Earth's surface. Earth's surface is heated by the 
sun. Variations in temperature are determined primarily by what angle sunlight strikes 
Earth's surface (see Latitude). Temperature is also affected by other conditions, including 
wind and moisture. 

Moisture The amount of moisture in an ecosystem is indirectly related to energy. Oceans, lakes, and 
ground water systems supply the water, but how water cycles through the ecosystem 
(evaporation, precipitation, global winds) is determined by energy. Heat energy causes 
evaporation and precipitation. Many of Wisconsin's lakes, rivers, and wetlands were forn1ed 
by glaciers (see Glaciers). The water cycle is powered by solar energy. Winds carry 
moisture from one location to another. 

Fire Burning is the release of energy stored in organic matter. Fire keeps certain plants from 
growing and promotes reproduction in other plants, thus keeping the dominant species 
constant and maintaining a community. 

Wind Earth's rotation and uneven heating of Earth's surface by the sun cause variation in ambient 
air temperatures. When hot air rises, cold air comes in to take its place creating wind. Cold 
air also pushes away hot air. Winds enhance evaporation and contribute to drier soil 
conditions which some species tolerate better. 

Latitude The sun's rays strike Earth's surface at differentangles at different locations creating 
variations in temperature. At the equator the planet is facing the sun and receives direct 
sunlight (rays meet the surface at a 90° angle) and thus heats up quickly. At the poles 
Earth's surface faces the sun at an inclined angle, the suns rays strike the poles at an oblique 
angle and the heating is less intense. (See flashlight and globe diagram) 

square miles (kilometers), and are 
characterized by their living 
(plants and animals) and nonliv
ing components (soil, tempera
ture, moisture). Several factors 
cause the characteristics of one 
ecosystem to differ from another. 
Many of these factors relate to 
energy. 

Climate greatly inf1uences an 
ecosystem. Climate is determined 
by an area's average temperature 
and moisture, both of which are 
related to energy (see Energy 

From Th<• \Vatl'rcours<• and \Vest<.•n1 Hegio11al Envi
ron11w11tal Education Council (WHEEC). f'rnJ<'cl ll'CT 
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and Ecosystems Chart). The 
climate in the northeastern 
region of Wisconsin varies from 
the southwestern region. The 
transitional zone between the two 
climate types is called the 
Tension Zone. In Wisconsin, the 
region north of the tension zone is 
dominated by long, cold, dry win
ters. Climates south of the ten
sion zone are more temperate, 
having four distinct seasons. 
Another element that contributes 
to the diversity of ecosystems is 
soil. The formation of soil in some 
areas of Wisconsin can also be 
attributed to energy because pow
erful glaciers scoured the land 
and transformed Wisconsin's 
landforms and vegetation. Fire 
and wind further define ecosys
tems and are also connected to 
energy. 

The climate and soil conditions of 
an ecosystem influence what type 
of organisms will live there. For 
example, certain plant and ani
mal species are more suited to the 
environmental conditions north of 
the tension zone, while others are 
more suited to the south. 

Associated with ecosystems are 
biological communities. A commu
nity consists of the plant and ani
mal populations that live there 
and interact with each other. Bio
logical communities are classified 
by the dominant plant type. 
There are many ways to classify 
Wisconsin biological communities. 
Following is one approach. 

Northern forest communities 
Southern forest communities 
Grasslands communities 
(including prairies) 
Oak savanna communities 
(blend of forest and grass
lands) 

Nl90 

Aquatic communities (lakes, 
rivers, and streams) 
Wetlands (blend of aquatic 
and terrestrial communities) 

These communities are aggrega
tions of several different types of 
communities with similar quali
ties (based on Wisconsin's Biologi
cal Diversity as a Management 
Issue, Department of Natural 
Resources, 1995). See the Biolog
ical Community Clue Cards for 
descriptions of these biological 
communities. 

Energy flows and nutrients cycle 
through each of these communi
ties. There are producers, con
sumers, and decomposers inter
connected through complex food 
webs. Food webs are pathways 
through which energy, in the 
form of nutrients, flows from one 
organism to another (see the 
activities "Solar Energy and the 
Carbon Cycle" on page N 161 and 
"Food Chain Game," on page N 22 
for more information on food 
chains and webs). 

Varying patterns and rates of 
energy flow and nutrient cycling 
contribute to the unique qualities 
of different biological communi
ties. A major factor that charac
terizes a community is how 
efficiently the producers convert 
solar energy into chemical energy 
(food). All the energy that produc
ers convert to chemical energy is 
called Gross Primary Productivity 
(GPP). However, because plants 
use energy, not all the solar ener
gy they convert is available to 
consumers. The Net Primary Pro
ductivity (NPP) is what is left of 
the GPP after producers have 
used some of the energy for their 
growth, movement, and other life 
functions. 
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The NPP varies for different com
munities. Communities with high 
NPP, such as wetlands and 
forests, may have large amounts 
of stored energy. Energy that is 
stored in the producers can even
tually make its way to consumers, 
including humans. 

Biological communities are 
changing all the time. Humans 
have contributed to these changes 
by logging, mining, fanning, and 
developing land. These activities 
alter natural habitats, making 
them more or less suitable for 
certain species to survive. In this 
way, food chains are disrupted or 
rearranged, changing the way 
energy flows through a communi
ty. 

Following are a few ways biologi
cal communities have changed in 
Wisconsin. 

Grasslands and oak savannas 
have been largely replaced by 
agricultural and urban com
munities. Energy flows 
through human-built commu
nities differently than it does 
through natural systems (see 
the activity "Diminishing 
Returns" on page N 175). 
The energy flow of lake com
munities is altered through 
eutrophication. Eutrophica
tion is a natural aging 
process of lakes, where nutri
ents (i.e., stored energy) from 
surrounding land areas arc 
added to the lake over time. 
However, events such as 
runoff that carry lawn fertil
izers and sediments from con
struction sites add nutrients 
to lake systems and increase 
the rate at which lakes age. 
Increasing the amount of 
nutrients in a lake increases 
its NPP and influences what 
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types of plants and animals 
will live there. 
Communities in the northern 
forests have been altered by 
logging and regrowth and are 
no longer characterized by 
the presence of conifers. This 
alteration means that food 
chains and webs that includ
ed the conifers were affected. 
Other energy-related aspects 
of the community, such as 
temperature and moisture, 
could be affected by the pres
ence or absence of conifers or 
other dominant plant species 
as well. 

Humans use about 40 percent of 
Earth's potential NPP for human 
agricultural and urban communi
ties. Urban communities do not 
have a dominant plant species. 
The agricultural community pro
vides food and energy to maintain 
lifestyles that comes primarily 
from burning fossil fuels. With 
agriculture, humans have created 
communities that have large 
populations of very few species 
(corn, hay, cows) and simple food 
chains. 

Creating urban and agricultural 
communities has enabled humans 
to lead safer, healthier and more 
productive lives. However, 
because these communities are 
made up of simpler food chains, 
some scientists and resource 
managers are concerned that we 
may be "putting all our eggs in 
one basket" as far as biological 
diversity is concerned. 

A diversity of producers and con
sumers allows multiple pathways 
through which energy can flow; 
this diversity contributes Lo the 
stability of an ecosystem. For 
example, if one species of produc-
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er is reduced, other producers 
still exist that can convert energy. 
Maintaining these different com
munities ensures that a diversity 
of resources will be preserved. 
These resources benefit humans 
and other organisms by providing 
us with food, shelter, water sup
plies, and energy sources. 

Fortunately, steps are being 
taken to preserve Wisconsin com
munities. These projects strive to 
restore the variety of plant and 
animal communities that once 
lived in these areas. The Nature 
Conservancy, a private conserva
tion organization, along with UW
Madison, the US Forest Service, 
UW-Stevens Point, and others, 
initiated a project to analyze the 
biological diversity of communi
ties in the Baraboo Hills. A mas
ter plan has been developed to 
restore Oak Savanna communi
ties in the Kettle Moraine State 
Forest. Individuals can also con
tribute to maintaining community 
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diversity. In addition to partici
pating in restoration projects, we 
can use materials and resources 
including· energy, wisely and effi'
ciently. Doing so can reduce the 
amount of energy and other 
resources needed from other com
munities. 

Procedure 
Orientation 
Explain to students that each half 
of the classroom represents differ
ent ways natural resources are 
distributed. In one half, the 
"resources" (plastic eggs) are scat
tered and hidden throughout the 
room, and in the other half, they 
are all kept within one basket in 
the center of the room. Have 
students list advantages and 
disadvantages of each method of 
distribution. Mention "putting all 
your eggs in one basket" and see 
if students can relate it to these 
different distributions. 

N19l 



Inform students that they will be know about energy's role in munitics have been idcnti-
investigating how the presence or forming ecosystems while ficd). NOTE: Do not give the 
absence of ecosystems and biolog- playing a guessing game. Wetlands group a puzzle 
ical communities inl.1ucncc where They will hear a series of piece. Instead give them a 
natural resources, including clues about one of several water-based marking pen. 
energy sources, are distributed Wisconsin communities and 
and used in Wisconsin. try to match the description 8. Inform students that the 

to the correct title. Most of puzzle pieces represent the 
Steps the clues have connections to location of their biological 
I. Ask students to identify cnvi- energy. community in Wisconsin. 

ronmental conditions that Explain that these are gener-
characterize an ecosystem. 5. Divide the class into seven al approximations of the loca-
Copy the blank Energy and groups. Randomly select one tions. 
Ecosystems Chart (student of the first seven Community 
page) onto an overhead Clue Cards. Read the clues 9. Have students read the 
transperancy or chalkboard aloud in order. Give students instructions on the Commu-
and write students' responses a few seconds after each clue nity Clue Card. Students 
in the left column. to identify which community should use information pro-

is being described before all vided by the clues and, if time 
2. Challenge students to connect the clues are read (the clues allows, do additional research 

each of the identified environ- for each community are to follow the instructions (sec 
mental conditions to energy arranged from general to Resources). Below is the 
(sec Backgrnund). Write specific; you may need to basic information that each 
their responses on the right define certain terms). Stu- group should provide. 
side of the chart. These can dents should be able to use Describe how energy 
be common sense descriptions their common sense and the helped develop this com-
(anything that moves uses process of elimination to munity (include work 
energy), or students can match the description to the done by winds, fire, gravi-
research relevant facts (sec community. ty, and glaciers). 
Energy Use in an Ecosys- Describe how energy l.1ows 
tern on page N 84 within the G. If a group knows the answer, through this community 
activity "Creating an Energy one group member should (describe or draw one or 
End Use Survey Plan"). The raise her or his hand and be more food chains and 
chart can also be filled in called upon. It may help to ,vebs). 
throughout the activity as have an assistant who watch- Indicate where this com-
students acquire more infor- es to see who raises their munity is located in Wis-
mation. hand first. consin by placing the 

" puzzle piece" on the over-
3. Review the definition of bio- 7. The group that identifies the head ti·ansparcncy or 

logical community (plant and correct community gets a puz- poster of the state. 
animal populations living in a zle piece for that community 
specific area). Explain that and the Community Clue 10. !-lave groups representing 
they arc often identified by Card. Repeat the procedure communities numbered one 
which type of plant is domi- for the other communities. through seven come to the 
nant. Make sure that each group front of the class, report. the 

gets a puzzle piece (this may energy-related information 
4. Write the titles of the com mu- entail not allowing a group about their community, and 

nities listed on the Commu- who already has a puzzle place their puzzle piece 
nity Clue Cards on the piece to guess again, or pass- appropriately on the map. 
chalkboard. Tell students ing out the puzzle pieces to After all of the presentations. 
that they will use what !.hey each group aft.er all the com- there should be a complete 
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biological communities map 
for Wisconsin. If available, 
show students a road map of 
Wisconsin or one that details 
the different vegetative types 
(see Resources). 

I I. Explain that this map repre
sents biological communities 
prior to European settlement. 
Read Community Clue 
Cards 8 and 9 and ask the 
class to guess which commu
nities they represent. Have 
students suggest ways human 
development has affected 
each of the biological commu
nities. 

12. Hand out the Community 
Update Cards and revised 
puzzle pieces for groups that 
get them. Have each group 
report how human develop
ment has affected their com
munities and create a new 
map using the revised puzzle 
pieces. Reports can be based 
on information from the 
Community Update Cards, 
or if time allows, on addition
al research. Explain that not 
receiving a puzzle piece 
means that the community is 
nearly absent from the state; 
more detailed maps would 
show where they arc actually 
located. 

Closure 
Review the distribution of 
"resources" (plastic eggs) around 
the two halves of the mom. Which 
one is more like the Wisconsin 
environment prior to European 
settlement and which is more like 
the prcscn t day? 1-l a vc stud en ts 
discuss reasons why loss or bio
logical communities may li;we 
undesirable effects. Students may 

mention the loss of" resourc<is. 

ecosystem instability, decline in 
aesthetic appeal, etc. Challenge 
students to relate their responses 
to energy (e.g., simple food chains 
versus complex food webs). 

Share what is being done to 
maintain biological community 
diversity in Wisconsin. Depending 
on student time and interest, 
they can describe activities they 
can do to preserve communities 
and reduce energy and resource 
consumption. 

Assess111ent 
Fonnative 

How reasonably did students 
attribute to energy conditions 
that formed ecosystems? 
Did students listen to clues 
and use the information to 
correctly identify communi
ties? 
Did student reports accurate
ly describe energy flow 
through food chains in Wis
consin communities? 
Were students able to 
describe how development of 
urban and agricultural com
munities affects Wisconsin's 
biological communities? 

Sununative 
Conduct a mini-debate on the 
pros and cons of using govern
ment money to restore biolog
ical communities. Arguments 
should include information 
about energy flow and use in 
communities. 
Have students ci·cate three 
vegetation/land use cover 
maps for Vlisconsin. They 
should develop one for 100 
.\·cars ago, one for the prcscn( 
(both of these two cover maps 
will look similar to the one i11 
this activity), and one for JOO 
years from now. Each map 
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should have a legend and a 
key. Students should describe 
changes from past to present, 
and for the future map, they 
should explain why they 
think the vegetation will 
appear as they project it will. 

Extension 
A variation of the game is to 
award points for correctly guess
ing the community. The point 
system for identifying the com
munity can be simple (each 
correct guess gets one point) or 
weighted. For example, if there 
are six clues, guessing the com
munity correctly after the first 
clue is worth six points. The num
ber of points awarded is reduced 
by one point for each additional 
clue that is read. 

Resources 
Fo1· Teachers 
Addis, James T., Ronald Eckstein, 
Anne Forbes, DuWaync Gcbkcn, 
Richard Henderson, John Kotar, 
Betty Les, Paul Matthias, \Vendy 
McCown, Steven Miller, Bruce 
lVIoss, David Sample, Michael 
Staggs, and Kristin Visser. 
Wisconsin's Biodiversity as a 
Management Issue: A Report to 
Department of Natural Resources 
Managers. Madison, Wisc.: Wis
consin Department of Natural 
Hesources, 1995. 

Adopt-A-Lake/Project WET-Wis
c:onsin. U\V-Extension, University 
of Wisconsin Stevens Point, 
Stevens Point, \VI 54481. 
Phone: (71:"j) 34Ci-33Cin. 
Curtis, John Thomas. The \lcgcto
tion of Wisconsin: An Ordination 
of />!ant Co111111unitics. Madison, 
Wisc.: The University of Wiscon
sin Press, l ~)59. 
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Finley, Robert W. "Vegetation 
Cover of Wisconsin in the Mid 
1800s" p. 46 in Department of 
Natural Resources, Wisconsin's 
Biodiversity as a Management 
Issue: A Report to Department of 
Natural Resources Managers. 
Madison, Wisc.: Department of 
Natural Resources, 1995. 

---. Original Vegetation Cover 
of Wisconsin: Compiled From U.S. 
General Land Office Notes. U.S. 
Department of Agriculture, For
est Service, North Central Forest 
Service Experimental Station, St. 
Paul, Minn., Folwell Avenue, 
1976. Poster-size map. 

Hole, Francis D. and Clifford E. 
Germain. Natural Divisions of 
Wisconsin. Madison, Wisc.: 
Department of Natural 
Resources, 1994. Poster-size map. 

Miller, G. Tyler. Environmental 
Science: Sustaining the Earth. 
Belmont, Calif.: Wadsworth Pub
lishing Co., 1991. 

Murray, Molly Fifield. Prairie 
Restoration for Wisconsin Schools: 
A Guide to Restoration from Site 
Analysis to l\1anagement. Madi
son, Wisc.: University of Wiscon
sin-Madison Arboretum, 1993. 

University of Wisconsin, Univer
sity Extension, Geological and 
Natural History Survey. Early 
Vegetation of \--Visconsin. Madison, 
Wisc.: University of Wisconsin 
Extension, 1965. Online Internet. 
Available May 1997. 
http:/www.uwes.edu/wgnhs/ 
earlyv.html 

Woodward, David A for Geologi
cal and Natural History Survey, 
University Extension, University 
of Wisconsin. Landfornzs of Wis-
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consin. Madison, Wisc: Regents, 
University of Wisconsin, 197 l. 
Online Internet. Available May 
1997. HTTP: 
http:/www.uwex.edu/wgnhs/lnfm. 
html 

Complementary Activities 
Braus, Judy, editor. Wading into 
Wetlands. Washington, D.C.: 
National Wildlife Federation, 
1989. 

Farthing, Patty, Bill Hastie, 
Shann Weston, and Don Wolf. 
The Stream Scene: Watersheds 
Wildlife, and People. Portland, 
Oreg.: Oregon Dept. Fish & · 
Wildlife, 1990. 

Galle, Janet and Patricia Warren. 
Ecology Discovery Activities Kit: A 
Complete Teaching Unit for 
Grades 4-8. West Nyack, N.Y.: 
Center for Applied Research in 
Education, 1989. 

Kesselheim, Alan S. and Britt 
Eckhardt Slattery. WOW!: The 
Wonders of Wetlands. St. 
Michaels, Md.: Environmental 
Concern, Inc. and Bozeman, 
Mont.: The \Vatercourse, 1995. 

Savan, Beth. Earthwatch: Earth
cycles and Ecosystems. Reading, 
Mass.: Addison-Wesley Publish
ing Co., 1992. 

For Students 
Caduto, Michael J. Pond and 
f3roo/1: A Guide lo Nature Study 
in Freshwater Environments. 
Englewood Cliffs, N.J.: Prentice
Hall, 1985. 
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Davenport, Don. Traveler's Guide 
to Wisconsin State Parhs and 
Forests. Madison, Wisc.: Wiscon
sin Department of Natural 
Resources, Bureau of Parks and 
Recreation, 1989. 

Doris, Ellen. Woods, Ponds, and 
Fields. New York: Thames and 
Hudson, 1994. 

Knapp, Brian J. What Do We 
Know about the Grasslands? New 
York: Peter Bedrick Books, 1992. 

Kotar, John and Timothy L. 
Burger. A Guide to Forest Com
nwnities and Habitat Types of 
Central and Southern Wisconsin. 
Madison, Wisc.: University of 
Wisconsin-Madison, Dept. of 
Forestry, 1996. 

Kotar, John, Joseph A Kovach, 
and Craig T. Locey. Field Guide 
to Forest Habitat Types of North
ern Wisconsin. Madison, Wisc.: 
University of Wisconsin-Madison, 
Department of Forestry and Wis
consin Department of Natural 
Resources, 1988. 

Lerner, Carol. A Forest Year. New 
York: Morrow, 1987. 

Pringle, Laurence. Chains, 
Webs and Pyramids: The Flow of 
Energy in Nature. New York: 
Thomas Y. Crowell Co., 1975. 

Roach, 11ill, and Dan Smith. The 
V/isconsin: River of a Thousand 
Isles. Madison, Wisc.: Murphy 
Entertainment Group, 47 min., 
1994. Videocassette. 
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En_ergy and Ecosyste111s Cl1art 

Instructions 
In the left column, list some environmental qualities of an ecosystem that influence which plants and ani
mals would live there. In the right column, relate the environmental influence to energy. 

Environmental Energy Connection 
influence 
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Tension Zone 

Lake, River, and Stream Co1nmunities 
(shows Wisconsin main tributaries) 
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Biological Community Clue Cards 

Co1n1nunity I 

Clues 
1. The soil and landscape of this community was formed by the action of glaciers. 

2. The net primary productivity is about 3,500 kcal/m2/year. The sun is the primary source of energy. 
The conversion of the sun's energy to chemical energy (food) mostly takes place many meters above 
ground level. Sunlight often does not reach the ground level. 

3. Much of the energy in this community is stored in the bodies of the producers. Humans can use typi
cal producers as an energy source and for home construction. 

4. Consumers include many types of insects, such as beetles and moths, birds such as woodcock and 
owls, and mammals such as white-tailed deer, snowshoe hairs, and black bears. Before European 
settlement, moose, pine martens, and timber wolves lived here as well. 

5. The major producers include trees such as sugar maple, basswood, and American beech. Before 
European settlement, white pine was also common. 

6. It is located north of the tension zone. 

Answer-Northern Forest Conununities 

Instructions 
Describe how energy helped develop this community. 
Describe how energy flows through this community. 
Indicate where this community is located in Wisconsin by placing the "puzzle piece" on the overhead 
transparency or poster of the state. 

Description 
The term northern forest refers primarily to location rather than to any specific species composition. 
Northern forests contain mixed deciduous and coniferous forests found in a distinct climatic zone that 
occurs north of a roughly S-shaped transition belt known as the "tension zone" that runs from northwest 
to southeast Wisconsin. Early forest surveys indicated that northern forest consisted of a mosaic of 
young, mature, and "old growth" forests composed of pines, maples, oaks, birch, hemlock, and other 
hardwood and conifer species. "Old growth" is defined as "a community in which the dominant trees are 
at or near biological maturity." 
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Biological Community Clue Cards 
(continued) 

Comn.1.unity 2 

Clues 
1. The soil and landscape of parts of this community were formed by runoff from melting glaciers. 

Other areas of this community are covered by silt carried in by winds during the glacial period. 

2. The net primary productivity is about 5,600 kcal/m2/year. The sun is the primary source of energy. 
The conversion of the sun's energy to chemical energy in food mostly takes place many meters above 
ground level. Sunlight often does not reach the ground level. 

3. Much of the energy in this community is stored in the bodies of the producers. Over the years, large 
amounts of energy is stored in decaying matter in the soil. Humans burn the producers for energy 
and cut them down to build homes. 

4. Consumers include many types of insects, white-tailed deer, coyotes, blue jays, and beavers. The 
-community used to support many large herbivores and carnivores such as bison, bobcats, and black 
bears. 

5. The major producers include trees such as oak trees, sugar maple, basswood, hickory and boxelder. 
Not many conifers (such as pine trees) are found in this community. 

6. It is located south of the tension zone. 

Answer-Southern Forest Co11.1.munities 

Instructions 
Describe how energy helped develop this community. 
Describe how energy Dows through this community. 
Indicate where this community is located in Wisconsin by placing the "puzzle piece" on the overhead 
transparency or poster of the state. 

Description 
Early European observers recognized southern forests (those south of the tension zone) as distinct from 
the northern types because of the predominance of oaks and general absence of conifers. They also noted 
the relative openness or park-like appearance, created by the lack of small trees and shrubs. There is 
evidence that these southern forests were shaped by fire in the previous 5,000-6,000 years. 

;- oLZ.uog VVcsconsm·s oiologicaf Communities KEEP Energy Education Activity Guide N199 

113 



Biological Co1nmunity Clue Cards 
(continued) 

Co1n1nunity 3 

Clues 
1. Fire helps maintain this community by preventing certain plants from growing and by promoting 

reproduction in others. 

2. The net primary productivity is about 3,200 kcal/1112/ycar. The sun is the primary source of energy. 
The conversion of the sun's energy to chemical energy (food) takes place many meters above ground 
level as well as near ground level. 

3. Over the years, large amounts of energy have been stored in decaying matter in the soil. Humans 
found this soil very fertile for growing crops. 

4. It is located primarily south of the tension zone. 

5. Consumers include cottontail rabbits, red foxes, American goldfinches, and white-tailed deer. Before 
European settlement, bison, northern flickers, bobwhite quails, and timber wolves lived here. 

G. Producers from both deciduous forest and grassland communities live here. Forest plants include 
oaks, and grassland species include purple milkweed and wild hyacinth. 

Answer-Oak Savanna (Grassland-Forest Co1nplex) Con11nunities 

Instructions 
Describe how energy helped develop this community. 
Describe how energy flows through this community. 
Indicate where this community is located in V/isconsin by placing the "puzzle piece" on the overhead 
transparency or poster of the state. 

Description 
Oak savanna arc characterized by open grassland areas interspersed with trees, especially oaks. Savan
na, historically found in southern and western \Visconsin, were the gradation between the great prairies 
and the eastern deciduous forests. The savanna were perpetuated by fire. In Lile early 1800s, Wisconsin 
had perhaps 5.5 million acres (2.2 million hectares) of oak savanna. 
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Biological Co1n1nu11.ity Clue Cards 
(continued) 

Community 4 

Clues 
I. Fire helps maintain this community by preventing certain plants from growing and by promoting 

reproduction in others. 

2. The wind blows most of the year here, promoting quick water evaporation. 

3. The net primary productivity is about 2,400 kcal/1112/year. The sun is the primary source of energy. 
The conversion of the sun's energy to chemical energy (food) takes place near ground level. 

4. It is located prim.arily south of the tension zone. 

5. Over the years, large amounts of energy have been stored in decaying matter in the soil. Humans 
found this soil very fertile for growing crops. 

6. Consumers include thirteen-lined ground squirrels, sharp-tailed grouse, and red-winged blackbirds. 
Before European settlement., other consumers such as bison lived here. 

7. The major producers in this community are grasses and sedges. Very few or no trees exist here. 

Answer-Grassland Co1nn1unities (including prairies) 

Instructions 
Describe how energy helped develop this community. 
Describe how energy Dows through this community. 
Indicate where this community is located in Wisconsin by placing the "puzzle piece" on the overhead 
transparency or poster of the state. 

Description 
Wisconsin's grassland (prairie) communities arc characterized by the absence of trees and large shrubs, 
and the dominance of grass species. These grasslands, which grew 5,000-6,000 years ago after the glaci
ers retreated, were maintained by fire and probably by large grazing animals such as buffalo. Prior to 
Euro-American settlement, Wisconsin had about 3.1 million acres (1.24 million hectares) of prairies, of 
which almost one million acres (400,000 hectares) were a wet prairie type known as "sedge meadow.'' 
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Biological Com1nunity Clue Cards 
(continued) 

Con1munity 5 

Clues 
1. This community is located both north and south of the tension zone. In the north its location is influ

enced by past glacial activity. 

2. Net productivity is around 8,800 kcal/m2/year. A wide diversity of plants and animals live here. 

3. The sun is the primary source of energy. The base of some food chains in this community is detritus, 
or decaying plant matter, rather than living green plants. Therefore, the primary consumers are 
detritus eaters rather than plant eaters. Food webs are complex. 

4. Producers include both terrestrial and aquatic organisms such as birch trees, spruce trees, cattails, 
floating marsh marigolds, and pitcher plants. 

5. Consumers include both terrestrial and aquatic organisms such as sandhill cranes, painted turtles, 
northern pike, and muskrats. 

Answer-Wetland Conununities 

Instructions 
Describe how energy helped develop this community. 
Describe how energy flows through this community. 
Indicate where this community is located in Vlisconsin by using the water based pen to make dots all 
over the overhead transparency or the state map. 

Descl'iption 
Wetlands are lands on which soils or substrate is periodically saturated with or covered by water. Wet
lands occupied an estimated ten million acres (4 million hectares)(nearly one-third of Wisconsin's land 
area) in the early 1800s. 
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Biological Com1nunity Clue Cards 
(continued) 

Comn1.unity 6 

Clues 
1. This community is found predominantly in northern Wisconsin. Its location was influenced by glacial 

activity. 

2. Net productivity is around 2,400 kcal/m2/year. The sun is the primary source of energy. The conver
sion of the sun's energy to chemical energy (food) takes place many meters above the bottom of this 
community. 

3. Temperature differences vary greatly from the top to the ground level of this community, especially 
in summer. Sunlight may not reach the bottom level in many parts of this community. 

4. Consumers include ospreys, largemouth bass, and ducks. 

5. Producers include many types of algae, cattails, and phytoplankton. 

Answer-Lake Conununities 

Instructions 
Describe how energy helped develop this community. 
Describe how energy flows through this community. 
Indicate where this community is located in Wisconsin by placing the "puzzle piece" on the overhead 
transparency or poster of the state. NOTE: Your puzzle piece is the same as the River and Stream 
puzzle piece and overlays the whole map. Point out several lakes. If you are not using overhead 
transparencies, you'll have to color in the lakes yourself. 

Description 
When the glaciers receded, they left behind a variety of aquatic communities, including springs, ponds, 
lakes, sti-eams, and rivers. Within this grouping is a wide variety of systems, differing in size, fertility, 
and geographic area. Wisconsin has 620 miles (992 km) of Great Lakes shoreline and more than 14,000 
lakes covering a total of a million acres (400,000 hectares). 
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Biological Community Clue Cards 
(continued) 

Community 7 

Clues 
L This community is found throughout Wisconsin. Its location was influenced by glacial activity. 

2. The temperature in this community depends on its location within the state, its kinetic energy, and 
its size. 

3. Net primary productivity is around 2,400 kcal/m2/year. The sun is the primary source of energy. The 
conversion of the sun's energy to chemical energy (food) takes place near the surface of this commu
nity. 

4. The potential energy of the abiotic component of this ecosystem is continually being converted to 
kinetic energy. In some places where the amount of energy converted in this way is large, humans 
harness the kinetic energy to do work and to generate electricity. 

5. Consumers include snapping turtles, trout, and great blue herons. 

G. Producers include cattails, grasses, willows, and phytoplankton. 

Answer-River and Strea1n Co1nmunities 

Instructions 
Desci-ibe how energy helped develop this community. 
Describe how energy flows through this community. 
Indicate where this community is located in Wisconsin by placing the ·'puzzle piece" on the overhead 
transparency or poster of the state. NOTE: Your puzzle piece is the same as the Lakes puzzle piece 
and overlays the whole map. Point out the major rivers. If you are not using overhead transparen
cies, you'll have to color in the rivers and streams yourself. 

Description 
When the glaciers receded, they left behind a variety of aquatic communities, including springs, ponds, 
lakes, streams, and rivers. Within this grouping is a wide variety of systems, differing in size, water 
temperature and geographic area. Wisconsin has more than 33,000 miles (52,800 km) of rivers and 
streams. 
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Biological Community Clue Cards 
(continued) 

Con1muni ty 8 

Clues 
l. This community is located throughout Wisconsin, but is predominantly found in central and south

ern portions of the state. 

2. Net productivity is around 3,000 kcal/m2/year_ The primary source of energy is the sun; however, it 
is supplemented with fossil fuels, which can be traced back to the sun. The conversion of the sun's 
energy to chemical energy (food) takes place at ground level. 

3. Food chains in this community are very simple. 

4. Consumers include a variety of insects, cows, and humans. 

5. Producers include corn, wheat, and cucumbers. 

Answer-Agriculture Comn1unities 

Description 
Agricultural lands are designed by humans to grow large quantities of food within a set location. Native 
Americans in Wisconsin have been using agricultural practices for thousands of years. European settlers 
began farming on Wisconsin soils soon after their arrival. In 1850, around nine percent of Wisconsin was 
agricultural. This percentage increased steadily until the 1950s when over 60 percent of the state was 
used for farming. With increased urban populations and more efficient, technological farming practices, 
the amount of land used for farming has decreased. Currently, less than 45 percent of Wisconsin is farm
land. Corn and hay are the major crops and the majority of farms in Wisconsin raise milk cows and beef 
cattle. 
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Biological Co1nmunity Clue Cards 
(continued) 

Community 9 

Clues 
1. This community is located throughout Wisconsin, but mainly in eastern and southern portions of the 

state. 

2. The primary source of energy is fossil fuels. However, these fuels can be traced back to the sun. 

3. Net productivity is negligible. Food energy sources are imported from other communities. Food 
chains in this community are very simple. 

4. The primary inhabitants are humans. 

Answer-Human Co1n1nunities 

Description 
Humans have lived in Wisconsin for thousands of years. The Native Americans who lived in Wisconsin 
belonged to primarily hunter-gatherer societies and were also skilled in certain agricultural practices. 
European explorers began arriving in small numbers in the sixteenth and seventeenth centuries. Wis
consin was a nonindustrial agricultural society for many years. During the second half of the nineteenth 
century, Wisconsin made the transition from a nonindustrial agricultural society to an industrial society. 
A massive inflow of European immigrants increased the Wisconsin population from around 31,000 in 
1840 to just over two million in 1900. The majority of people lived in rural settings until around 1930. 
Wisconsin's shift to an industrial society was completed by the middle of the twentieth century. Current
ly, Wisconsin has a population of over five million, with around 65 percent of these people living in 
urban environments. 
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Biological Con1-mun.ity Update Cards 

Northern Forest Communities 

The late nineteenth- and early twentieth-century loggers cut over virtually the entire northern forest. Conditions 
after logging were more favorable to hardwoods than to pine, resulting in limited pine repi-oduction after logging 
ceased. Today, most areas that were formerly pine are now oak, maple, and aspen, and the age structure of the 
northern forest is considerably different than before logging. Likewise, distribution and abundance of animals in the 
northern forests have been altered dramatically, with some species declining in numbers, and others finding the cur
rent forest advantageous and increasing their populations. 

This group gets a new puzzle piece. 

Southern Forest Communities 

Beginning in the early 1800s, the southern forests were cleared for fanning or harvested for lumber, fuel, and rail
road ties. Fire was also suppressed. As a result, the southern forests today are severely fragmented into small wood 
lots. Remaining forest cover is heaviest in the southwest coulee (a valley with hills on either side) region. The large 
herbivores and carnivores originally found in the southern forest, including buffalo, elk, and cougars, are gone. 
These species and others were unable to survive on increasingly smaller patches of appropriate habitat, and we1·e 
also affected by land development practices and over-harvest by settlers. Some bird species (notably the passenger 
pigeon) have been lost, and others remain in reduced numbers. 

This group gets a new puzzle piece. 

Oak Savanna Comrnunities 

Wisconsin had perhaps 5.5 million acres (2.2 million hectares) of oak savanna, virtually all of which has been 
destroyed for farming and urban development or has succumbed to natural succession as fire .has been suppressed. 
Oak savanna is now virtually nonexistent in Wisconsin, with only a few rnmnant areas remaining. Many animal 
species associated with savannas have managed to find surrogate habitats such as wooded pastures, lawns, and 
small wood lots. Savanna vegetation has not fared as well. Many savanna plant species are now uncommon and 
found only on the fringes of oak woods, brushy areas, and lightly grazed pastures. Fortunately, oak savanna restora
tion is possible, through the use of fire and perhaps light grazing. 

This group docs not get a new puzzle piece (the land space covered by this community is nearly absent). 
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Biological Co1nmunity Update Cards 
(continued) 

Grassland Conununities 

The grassland biome has been degraded throughout its range, generally from farming and grazing, but also from 
urban development. Some prairie areas also grew up into trees and shrubs as fire was controlled. Thus, the prairie 
community has been severely fragmented, with only a few remnant areas left. Prairies along with oak savanna are 
the most endangered biological communities in Wisconsin. As a result, an estimated 15 to 20 percent of the state's 
original grassland flora is now considered rare. Some grassland mammals and birds fared better, using "surrogate" 
grasslands such as pastures fat· their survival needs. 

This group does not get a new puzzle piece (the land space covered by this community is nearly absent). 

v\Tetland Communities 

Wetlands have been subject to intense modification, mainly through draining and filling for agricultural and urban 
development. Today, about 5.3 million acres (2.12 million hectares) of wetlands remain (less than half of what 
early European settlers found). Nearly all the remaining wetlands have suffered from the effects of fragmentation 
and simplification. 

Use your marking pen to put half as many dots as before, placing most of them in the northern part of 
the state. 

Lake Communities 

Lakes normally undergo a natural succession from oligotrophic (clear, lacking large amounts of nutrients) to 
eutrophic (filled with nutrients that rnduce clarity of the water). This process can take thousands of years, but 
human activities can shoi·ten this process to a few decades. For example, runoff containing agriculturnl and urban 
fertilizers dramatically increases the nutrient content of lake waters. 

This group can use the same puzzle piece as before. 

River and Stream Communities 

Ft·agmentation has been caused by dam construction. Dams block movement of fish and other aquatic organisms. 
isolating populations and sometimes resulting in loss of genetic diversity and eventual extirpation of species in a 
portion of the river. Dam construction also changes wate1· f1ow and temperatures, resulting in changes in habitat 
that can lead to extirpation of species. Other activities that create pollution or cause simplification and fragmenta
tion of aquatic systems include ag1·icultural and urban development and resulting runoff, channelization of streams. 
shoreline dcvelop111e11t and resulti11g loss of habitat and spawning areas, and industrial and urban development and 
resulting emuent a11d runoff. 

This g1·oup can use the same puzzle piece as before. 
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Completed Puzzle of Wisconsin's Biological 
Co1n1nunities (mid 1800s) 
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N210 

Puzzle Pieces of Wiscon.sin's Biological 
Communities (mid 1800s) 

Grasslands (1800s) 
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Southern Forests (1800s) 
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Puzzle Pieces of Wisconsin's Biological 
Co1nmunities (n-1_id 1800s) (continued) 

□ 

Northern Forests (1800s) 

Oak Savanna (1800s) 
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Co1npleted Puzzle of Wisconsin's Biological 
Co1nmunities (1971-1981) 
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Puzzle Pieces of Wisconsin's Biological 
Com1nunities (1971-1981) 

Northern Forests (1971-1981) 

Urban (1971-1981) 
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Puzzle Pieces of Wisconsin's Biological 
Co1n1nunities (1971-1981) (continued) 

Southern Forests (1971-1981) 

Agriculture (1971-1981) 
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Diminishing Returns 

S un.1_1nary 
Dy playing a game that simulates energy transfer between 
trophic levels and by creating an energy pyramid model, 
students discover that the patterns of energy flowing through 
biotic communities are similar, but never the same. 

Objectives 
Students will be able to 

conclude that energy flows 
through all communities; 
explain why energy is lost as 
it flows through a community; 
and 
compare and contrast energy 
flow patterns within human
built and biotic communities. 

Rationale 
Learning about energy flow in 
biotic and human-built communi
ties illustrates the complexity of 
the world in which we live and 
the central role energy plays in 
every organism's life. 

Materials 
An energy pyramid model 
(see Preparing the Energy 
Pyramid .Model) 
Copies of Energy Flows 
through a Conununity 
Instruction Sheet 
Nail (or nails) and hammer 
(see Getting Ready) 
Each group will need: 

2 wide-mouth gallon jugs 
(one marked, one 
unmarked) 
1 gallon of water (or other 
readily pourable material 
such as sand or rye grass 
seed) 
1 plastic cottage cheese 
container (one pound size) 
with 5 holes in the boltom 
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2 plastic yogurt contain
ers (eight-ounce size) with 
3 holes in the bottom of 
each 
3 film canisters with one 
hole in the bottom of each 
2 to 3 pieces of toweling 
(cloth or paper) 

Background 
Pine Forest-tall trees obscuring 
the sun from view, squirrels chat
tering an alarm. 

Grassland-little blue stems wav
ing in the breeze, crickets hurling 
their chirping chorus skyward. 

.Marsh-cattails spreading roots 
into the oozing mud, red-wing 
blackbirds gurgling out their 
"konk-la-ree" song. 

These biotic communities seem so 
different and yet they all have 
something in common. They all 
depend on the flow of energy for 
their very existence. 

What makes biotic communities 
diverse? Varying patterns and 
rates of energy flow through graz
ing and detrital food chains are 
major contributing factors. (Sec 
Ba<"kgyound of "Food Chain 
Game" on page N 22 for more 
information about grazing and 
dctrital food chains.) 
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But what causes these disparate 
patterns and rates of energy flow? 
There arc many variables. The 
disparity begins with differences 
in the amount of sunlight that 
strikes Earth's surface at a given 
location (insolation). Insolation in 
turn depends upon latitude, 
weather conditions (i.e., cloud 
cover), number and size of parti
cles in the atmosphere, and the 
slope of the land. 

The pattern and rate of energy 
flow through a biotic community 
isn't just influenced by nonliving 
variables. The living members of 
a community also play very active 
roles. You've probably heard the 
saying, "You can't get out more 
than you put in." The phrase 
applies to energy flow through 
communities too. Plants, through 
photosynthesis, convert a portion 
of the solar energy they receive to 
chemical energy (food). 

Determining whether the photo
synthetic process is efficient is 
dependent upon how you measure 
what you put in. For example, if 
you measure in terms of energy 
input, photosynthesis is a some
what efficient process. To release 
one unit (1 mole) of oxygen and to 
fix one unit (1 mole) of carbon 
dioxide, a green plant needs an 
estimated 320 kilocalorics (kcal) 
of light energy. For each unit 
(mole) of oxygen, approximately 
120 kcal of energy arc fixed. This 
corresponds to an efficiency of 
approximately 38 percent. 

When considered from the stand
point of calories stored in relation 
to tot.al light energy availabk•, tlw 
efficiency of photosynthesis is 
considerably less. The usable 
spectrum of light. is only about. 
half the tot.al energy falling upon 

vegetation. In other words, half 
the solar energy that a plant 
receives is never used in the pho
tosynthetic process. So when the 
input side of the ledger is "total 
available light," the highest levels 
of short-term efficiency measured 
over a period of weeks of active 
growth may amount to between 
12 and 19 percent. The bottom 
line is that little of the energy 
acquired by plants goes into 
organic production. Most of the 
light absorbed by plants is con
verted to heat and lost by convec
tion and radiation (see K-5 
Energy Sparks for Theme I on 
page N 57 for information about 
heat transfer). 

Different plant communities con
vert more energy than others. 
Reasons for these differences 
include the following: 

Environmental conditions 
(light intensity, temperature, 
moisture, atmospheric gases, 
soil nutrients) 
The nature of the community 
(i.e., species diversity, and 
how much competition there 
is for light and othe1· 
resources) 
Plant characteristics such as 
leaf area and position 
(whether the leaf is perpen
dicular or inclined to the 
incoming solar radiation) 
The photosynthetic productive 
capacity of different plants 
(whether they are C3 plants 
or C4 plants-see C3 a.nd C4 
Pla.nts) 

To further complicate the picture, 
all of these variables interact 
with each other. 
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C3 and C4 Plants 
Adapted from Ecology 011d Field Biology. 3rd 
Edition by Robert Leo Smith. Copyrii:ht ({'\) 
1980 hy Haqx,r & Row. Reprintt•d hy p<'rmis
sion of Addison-Wesley Educatio,rnl Publish
ers. 

In most plants the photosynthetic 
process involves the reaction of CO2 
from the atmosphere with a com
pound called rilmlose diphosphate 
(RuDP). When a carbon dioxide 
molecule reacts with RuDP, two mol
ecules, each containing three carbon 
atoms are formed. This three-carbon 
photosynthetic pathYiay is known as 
the Carbon-Benson cycle, and the 
plants using this method are known 
as C3 plants. 

In 1965, some plant physiologists dis
covered that sugarcane and other 
plants had a different photosynthetic 
pathway. These plants have mole
cules of a compound called 
phospho-cnol-pyruvatc (PEP). In 
these plants when carbon dioxide 
enters the leaf it reacts with PEI' to 
form fou1·-carbon molecules (malic 
acid and aspartic acid). Plants using 
this four-carbon method are called 
C4 plants. 

Anatomically and physiologically, C3 
and C4 plants are diffe1·ent. These 
differences have ecological conse
quences. Because they are more effi
cient photosynthetically, C4 plants 
are more competitive than C3 plants 
and adjust mm·e easily to environ
mental stresses. Thus C4 plants are 
characteristic of desert ecosystems, 
where light intensities and tempera
tures arc high and water is scarce. 

The C4 met.hod is the more advanced 
photosynthetic process. It is not 
found in algae, bryophytes, ferns, 
gymnosperms, or more primitive 
angiosperms. Grasses hold about half 
of the known C4 species. Some agri
cultural crops such as sugarcane arc 
C4 plants, but many agricultural 
crops an• C::l species with a low pho
tos~•nthetic ratt•, while t.lwir weed 
compd.it.or,; a1·e C'1 s1wcit•s. J\grind
t ural plants can escapt• compdit.ion 
only hy human imposition of agricul
tural practices. 
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ffl Energy flowing through 

the living system 

~ ~ 
m Energy lost from living 

system as heat 

,:;-p-:.~ 

F'rom BSCS. Biolo~ical Science: An Ecological Approach, Gree/I \lcrsi-011, 3rd Edition. {)1973 by Kendall/Hunt. Publishing Company. Used ,,,,·ith permi;-;
;:;ion. All rights reserved. 

The amount of chemical energy 
plants can convert (called gross 
primary productivity or GPP) and 
store (called net primary produc
tivity or NPP) is very important. 
The NPP determines how much 
energy is available for other 
orga(1isms in the community, 
because these organisms (the con
sumers) cannot make their own 
food and therefore depend on the 
producers to meet their energy 
needs. This dcpendance on the 
producers, in turn, essentially 
determines the number of trophic 
levels for the community. (Head 
::m for an explanation of "trophic 
level.") 

I'he pattern and rate of cnerg·y 
low through a biotic community 

>irrnrnsh,ng Returns 

also depends on the efficiency 
with which consumers acquire 
and use energy resources (food). 
One way to illustrate energy 
in/energy out ratios is by using 
energy pyramids. 

Typically the initial "energy in" 
for a biotic community comes 
from the sun. However, this fig
ure is rarely included within the 
pyramidal representation. 
r nstead, the first level (base) of 
the pyramid usually represents 
the producers. The second level of 
the pyramid typically represents 
the first consumers (primary con
sumers or herbivores). The next 
level represents the second con
sumers (secondary consumers or 
carnivores). In some cases, the 
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pyramid contains a fourth level 
(the third consumers), which typi
cally represents the consumers 
that arc not killed and eaten by 
other organisms (top predators). 
Each level within the pyramid is 
also referred to as a "trophic 
level." 

Organisms that feed on both 
plant and animal matter (omni
vores) may be counted in the pri
mary consumer trophic level, the 
secondary consumer trophic level, 
or both. Decomposers (organisms 
that feed upon nonliving organic 
matter), while technically con
sumers, are not usually repre
sented within any of the energy 
pyramid trophic levels. Energy 
pyramids (ypically rcpr<'sen(. only 
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5. When all students arc seated 
in the "finish" area, discuss 
the following ideas. 

Have groups relate their 
total energy dissipated as 
a percent of NPP (Ques-
tion 7 from Energy Flows 
through a Community 
Instruction Sheet). Solie-
it explanations for the 
variations. If you noticed 
any conditions in the pass-
ing pattern which may 
have contributed to these 
differences, identify them 
for the class. 
Have students share 
where they lost water 
(energy). 
Discuss how water losses 
were built into the demon-
stration and what they 
represent. 

Different size contain-
ers-represents the 
efficiency of organ-
isms within that 
trophic level of con-
verting energy 
resources that are 
available to them to a 
usable form (i.e., 
plants have small 
containers because 
they convert a rela-
tively small portion of 
light energy to chemi-
cal energy). 
Different number of 
holes in containers-
represents the per-
cent of energy organ-
isms within that 
trophic level lost 
through respiration 
(i.e., plants have 
fewer holes in their 
containers because 
they use a smaller 

fraction of their ener-
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6. 

gy for their own 
growth and mainte
nance than secondary 
consumers). 

Discuss energy loss in 
biotic communities. 

Some water (energy) 
is lost as it is being 
poured from one con
tainer to the next, 
representing that not 
all energy produced 
by a trophic level is 
available for transfer 
to the next level in a 
grazing food chain 
(some is lost as heat). 
Some water (energy) 
is lost through the 
holes in the bottom of 
the containers and is 
therefore not avail
able for transfer to 
the next trophic level, 
representing energy 
used by organisms 
within that trophic 
level for their own life 
processes (growth and 
maintenance). 
Some water (energy) 
that is lost while 
being poured or lost 
through the holes in 
the container may fall 
onto the toweling, 
representing energy 
which is transferred 
from the grazing food 
chains to the detrital 
food chains. 

Tell students their challenge 
is to build a model that 
graphically represents energy 
flow through a community. 
(Sec Prep a ring the EnerfD' 
Pyramid Model.) 
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7. Tell students that you have 
7 pieces labeled "producer"; 
7 pieces labeled "herbivore"; 

• 7 pieces labeled "carnivore"; 
7 pieces labeled "top 
predator"; 
7 pieces labeled 
"decon1poser"; 

· 1 piece labeled "sun"; 
1 piece labeled "soil"; 
1 piece labeled "water"; and 
1 piece labeled "air"; 

As each piece type is men
tioned, hold up a sample piece 
for the students to see. 

8. Inform students they may use 
some or all of the pieces to 
create their model. If students 
have difficulty choosing an 
appropriate number of pieces, 
remind them of the number of 
students portraying organ
isms within the various 
trophic levels during the pre
vious simulation. 

Ask students how many 
"producer" pieces they 
wish to use. As you con
nect these pieces to one 
another, review the terms 
"producer," "photosynthe
sis," "gross primary 
production," "respiration," 
and "net primary produc
tion." 
Ask students how many 
"herbivore" pieces they 
wish to use. Solicit advice 
from students as to where 
to place these pieces. As 
you connect these pieces 
to one another and to the 
producer pieces, review 
the terms "consumer" and 
"herbivore." 

· Ask students how many 
'·carnivore" pieces they 
wish to use. Solicit advice 
from students as to where 
to plac(' these pieces. 
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As you connect these 
pieces to one another and 
to the herbivores, review 
the term "carnivore." 

• Ask students how many 
"top predator" pieces they 
wish to use. Solicit advice 
from students as to where 
to place these pieces. As 
you connect these pieces 
to one another and to the 
carnivores, review the 
term "top predator." 

• Ask students how many 
"decomposer" pieces they 
wish to use. Solicit advice 
from students as to where 
to place these pieces. As 
you place these pieces, 
review the term "decom
poser." 
Ask students about which 
if any of the nonliving 
component pieces (sun, 
soil, water, air) they wish 
to use. Solicit advice as to 
their placement in the 
model. 

9. Review the terms trophic 
level, calorie, kilocalorie, 
grazing food chain, and detri
tal food chain. Review the 
concepts of energy loss stu
dents learned about through 
the water transfer activity. 

10. Emphasize that energy can be 
transferred from the grazing 
food chain to the detrital food 
chain at any trophic level, 
and that the detrital pathway 
of energy flow is usually the 
dominant one. Ask students if 
they wish to revise their 
model in any way. Guide stu
dents in creating a model like 
the one shown in Ecosystem 
Components and Energy 
Pyramid Layout for Com
pleted Model. Ask students 
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why they think the model 
should be this shape rather 
than a rectangle, as most puz
zles arc. Re-emphasize troph
ic levels and energy loss. 
Stress that variations of the 
shape of the pyramid do occur 
(see Background), but a 
trophic level cannot be larger 
than the preceding one unless 
energy is being supplied by 
some outside source. 

11. Inform students that within a 
stream community, the con
sumers receive very little 
energy from the producers in 
that community. Solicit ideas 
for where most of the energy 
comes from to support this 
community. (e.g., organic 
matter [i.e., leaves, twigs] 
from other communities (i.e., 
fields, forests] that is carried 
into the stream with the 
runoff water.) Ask students to 
alter the model to represent 
this. 

12. Inquire if students think an 
energy pyramid can be used 
to represent energy flow in a 
human-built community such 
as a city. Discuss where a 
city's energy comes from and 
what it is used for (population 
growth, production of goods 
and services). 

13. Challenge students to create 
an energy pyramid for a city. 
Help them identify the follow
ing: 

The "true base" of the 
pyramid 

Energy resources 
within the city's 
boundary (e.g., veg
etable gardens, solar 
radiation, hydro-elec
tric dam sites, 
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human power) 
Energy resources 
transported into the 
city (e.g., food, petro
leum products, elec
tricity) 

The upper "trophic levels" 
of the pyramid 

Energy end uses 
0 Life-Sustaining 

processes (e.g., pho
tosynthesis, respi
ration, etc. which 
allow for the 
growth and 
maintenance of 
organisms includ
ing humans) 

0 Production of 
goods and services 
(quality of life 
enhancers) 

(Importance of today's 
producers and consumers 
(wood, dung, ethanol] and 
pre-historic detrital food 
chains [fossil fuels]) 
Energy storage mecha
nisms 
Points of energy loss 

14. Have students compare and 
contrast energy flow patterns 
and rates through a human
built community and a biotic 
community. 

Closure 
Summarize with the generaliza
tion that energy flows through all 
communities, but the patterns 
and rates of energy flow differ. 
Suggest that these differences can 
be illustrated through differently 
shaped energy pyramids. Have 
students identify variables that 
may cause these differences. Sec 
Bacl,g-niund for factors that 
co11t1·ihutc to diffe1·cnccs in gross 
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primary productivity, respiration, 
net primary productivity, and 
thereby, rates and patterns of 
energy flow. 

Assess1nent 
Formative 

Were students able to identify 
places where water (energy) 
was lost as it was transferred 
through grazing and detrital 
food chains? 
Were students able to build a· 
properly shaped energy pyra
mid model? 

Sumn1ative 
Show students the Top of a 
food pyramid. Ask which is 
the most likely base, Bottom 
I or Bottom 2. They should 
also be able to provide a ratio
nale for their choice. 

Top 

□ Bottom. I 

I I I I I 
Bottom 2 
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Have students explain how 
the pyramid below could be 
possible (e.g., producers in a 
streamcommunity provide 
very little of the total energy 
that the consumers of this 
community use; see Back
ground). 

Can students estimate how 
much energy is available to a 
specified trophic level when 
the amount of energy avail
able at a different trophic 
level is provided? (Students 
should use the magnitude of 
ten rule.) 

Extensions 
Repeat the Energy Flows 
through a Community relay 
with one or more of the following 
variations: 

Provide "source jugs" of 
varying sizes to represent 
variations in insolation (i.e., 
tropical rainforest verses tun
dra) 
Provide cottage cheese con
tainers, yogurt cups, and film 
canisters that have holes of 
varying number, size, and 
arrangement in the bottom; 
The variation in water flow 
from these containers demon
strates different efficiencies, 
which result in disparate 
GJ>Ps and NPPs for various 
communities (see Estimated 
Annual Average Net Pro
ductivity Cha rt) 
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Provide a "storage" container 
in which energy may be 
trapped (i.e., for a forest com
munity, the energy would be 
"trapped" in the biomass of 
trees) 
Allow teams to "steal" energy 
from other teams (for a 
stream community, much of 
the energy comes from pro
ducers outside the stream 
[i.e., leaves from deciduous 
trees, organic matter washed 
into stream with runoff, etc.]) 

Resources 
F01· Teachers 
Antioch Community School Dis
trict. "Energy 11, Option 2" pp. 6-
13 in Environmental Education: 
A Thematic Approach with Three 
Pronged Integration: Energy: 
Grades 9-12. Antioch, Ill.: Antioch 
Community School District, n.d. 

Christensen, John. Global Sci
ence: Energy, Resources, Environ
ment, 3rd Edition. Dubuque, 
Iowa: Kendall/Hunt Publishing 
Co., 1991. 

Miller, G. Tyler. Environmental 
Science, 4th Edition. Belmont, 
Calif.: Wadsworth Publishing Co., 
1993. 

Smith, Robert Leo. Ecology and 
Field Biology, 3rd Edition. New 
York: Harper and Row, 1980. 

Complementary Activities 
Ingram, Mrill. Bottle Biology. 
Dubuque, Iowa: Kendall/Hunt 
Publishing Co., 1993. 

Univcn;ity of Wisconsin-Madison, 
Department of Plant Pathology, 
Bottle Biology Program. Bottle 
niology: Exploring Ecosystem 
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Estirnated Annual Average Net Productivity Chart 

Type of Ecosystem 

Estuaries 

Swamps and marshes 

Tropical rain forest 

Temperate forest 

Northern coniferous forest (taiga) :,",~t,~',':j,;\'-''-' ·; __________ .,....s 
Savanna ·~;-',i· ·. · 

Agricultural land 

Woodland and shrubland 

Temperate grassland 

Lakes and streams 

Continental shelf 

Tundra (arctic and alpine) 

Open ocean 

Desert scrub 

Extreme desert 

________ _,,,. 

800 1,600 2,400 3,200 4,000 4,800 5,600 6,400 7,200 8,000 8,800 9,600 

Average Net Primary Productivity (kcal/1112/yr) 

From !I.filler, G. Tyler. "Figure 4-19: Estimated annual averag,• net producti\'it~_.- p. 75 in E11uiro11111ental Scienc,•. Fourth Edition. Belmont, Calif.: 
\Vadsworth 1\ihlishing Co., HJ93. Used by Pcrmis:-:;ion. All ri~ht:; n.•r.;<•rvcd. 

Interactions, Population Dynam
ics, Biodegradation, Microbial 
Fermentation, and Experimental 
Design. Madison, Wisc.: Universi
ty of Wisconsin-Madison, Depart
ment of Plant Pathology, Bottle 
Biology Program, 1991. 

Related KEEP Activities 
Prior to this activity, students should understand how energy flows from one group of organisms to another (see 
"Food Chain Game," "Solar Energy and the Carbon Cycle" and 6-12 Energy Spa1·ks for Theme II: Energy Flow 
through Biological Communities). How energy flows through trophic levels in varying patterns and thereby 
creates different ecosystems is presented in the activity "Puzzling Wisconsin's Biological Communities.'' Energy 
efficiency in human-built. systems is prC'sen!.ed in "Don't Spill the Beans1" "Energy Futures" can be used to invest.i-

. gate how societies that desire to maintain th<' current standard of living without degrading biotic communities, 
can enhance efficiency, find new energy supplies, or both. Follow this activity with Action [<leas: Design. an 
Energy Efficient Com mw1ity. 
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Preparing the Energy Pyramid Model 

Basic Model 
1. Photocopy the "producer" piece onto seven pieces of 8 1/2-inch by 11-inch green paper. Paste these onto 

cardboard and cut out each piece. If desired, paste a collage of producers from a single biotic community 
(i.e., deciduous forest-maple tree, oak tree, fern, moss) onto the reverse side of each piece. NOTE: This 
process will enable you to represent seven different biotic communities. 

2. Photocopy the "herbivore" piece onto seven pieces of 8 1/2-inch by 11-inch yellow paper. Paste these 
onto cardboard and cut out each piece. If desired, paste a collage of herbivores from a single biotic com
munity (i.e., prairie-rabbit, mouse, grasshopper, butterfly) onto the reverse side of each piece. NOTE: 
This process will enable you to represent seven biotic communities. 

3. Photocopy the "carnivore" piece onto seven pieces of 8 1/2-inch by 11-inch red paper. Paste these onto 
cardboard and cut out each piece. If desired, paste a collage of carnivores from a single biotic communi
ty (i.e., pond-smallmouth bass, great blue heron, bullfrog) onto the reverse side of each piece. NOTE: 
This process will enable you to represent seven biotic communities. 

4. Photocopy the "top predator" piece onto seven pieces of 8 1/2-inch by 11-inch purple paper. Paste onto 
cardboard, and cut out each piece. If desired, paste a collage of top predators from a single biotic com
munity (i.e., coniferous forest-great horned owl, grizzly bear) onto the reverse side of each piece. 
NOTE: This process will enable you to represent seven biotic communities. 

v. Photocopy the "decomposer" piece onto seven pieces of 8 1/2-inch by 11-inch tan paper (or see Varia
tion below). Paste these onto cardboard and cut out each piece. If desired, paste a collage of decom
posers from a single biotic community (i.e., lawn--earthworm, slug, bacteria) onto the reverse side of 
each piece. 

6. Photocopy the "nonliving component" (a blank rectangle) piece onto four pieces of 8 1/2-inch by 11-inch 
paper: yellow for sun, dark blue for water, light blue for air, and brown for soil. Paste each of these onto 
cardboard and cut out. Write the title of each component on its respective piece. 

Variation 
Rather than only having seven, tan, rectangular "decomposer" pieces you may wish to have seven 
rectangular ones and four (or more) that can interlock into the model. The rectangular decomposer pieces 
can represent organisms that are able to utilize energy from more than one trophic level (i.e., a dung bee
tle). The interlocking decomposer pieces can represent organisms that are able to utilize energy from only a 
single trophic level (i.e., a fungus that decomposes leaves). To make the interlocking pieces: 

Photocopy the "producer," "herbivore," "carnivore," and "top predator" pieces onto 8 1/2-inch by 11-inch 
sheets of tan paper. Paste these onto cardboard and cut out each piece. Re-label the pieces with the word 
"decomposer." If desired, paste a collage of decomposers from a single biotic community (i.e., lawn-earth
worm, slug, bacteria) onto the reverse side of each piece. 
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Energy Flows through a Co1n1nunity 
Instruction Sheet 

1. Place your toweling, which represents decomposers, on the ground. Once you have done this, it may not 
be moved. 

2. Choose three individuals from your group to represent green plants. Give each of these "producers" a 
film container. Have two of the remaining individuals represent primary consumers. Give each of these 
"herbivores" a yogurt cup. The last remaining individual will represent a secondary consumer. Give 
this "carnivore" the cottage cheese container. Physically arrange yourselves and the gallon jugs so that 
the "producers" can take water from the unmarked gallon jug, place it into their containers, and then 
pour it into the containers of the "primary consumers," who will pass it to the "secondary consumer," 
who will place it into the marked gallon jug. NOTE: If you have seven people in your group, one person 
will serve as the sun and can pour water from the unmarked jug into the producers' containers. 

3. Have the "sun" or one of the "green plants" fill the unmarked gallon jug with water. The water repre
sents the chemical energy that green plants in your community have converted from radiant energy 
and have not used for their own life processes. This is also called net primary production. 

4. Caution: Wait for the signal from your teacher before you begin to talle water from the jug. 
After receiving the signal to start, transfer the water (energy) from the unmarked jug to the plants, 
who then pass it to the herbivores, who then pass it to the carnivore, who deposits it into the marked 
jug. Continue in this fashion until no water remains in the unmarked jug. 

5. Use the markings on the jug to estimate the number of cups that were transferred to the marked jug. 
NOTE: One gallon of water is equal to 16 cups of water. Record your answer here. ____ _ 

6. Identify at least two places where vvater (energy) was lost. Record your answers here. 

7. Calculate the total energy dissipated as a percent of NPP. 

(16 cups in starting jug) - (#cups in marked jug) x 100 = ____ % 
(16 cups in starting jug) 

8. Go to the "finish" area and sit quietly. 
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Ecosystem Components and Energy Pyra1nid 
Layout for Completed Model 

TOP PREDATOR 

Ecosystem Components and En.ergy Pyran.1.id 
Layout for Co1npleted Model 

(one of n1.any possible variations) 

DECOMPOSERS 

DECOMPOSERS 

[:] DECOMPOSERS 

DECOMPOSERS 

TOI' f'REOr\TOH 

HECOMPOSEHS 

IJECOMPOSEUS 
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Careers • rn 

M 42 

Energy 

Summary 
Students investigate energy-related careers through research, 
interviews, and job shadowing. 

Objectives 
Students will be able to 

identify and describe different 
energy-related occupations 
and careers; and 
research the skills and educa
tion required for a particular 
energy-related occupation. 

Rationale 
Researching energy-related occu
pations and careers and inter
viewing or working with people in 
such occupations helps students 
better define and make decisions 
about their own career options. 

Materials 
Notebooks 
Copies of List of Energy
Related Occupations 
Glossary of career terms or 
directory of careers (optional) 
Copies of Student Job Shad
owing Visit Report (option
al) 
Copies of Student Job 
Shadowing Visit: Business 
Representative Evaluation 
Form (optional) 

Background 
"What do you want to be when 
you grow up?" 
"What are you going to do after 
you graduate?" 
"So what are you going to do with 
the rest of your life?" 
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These familiar questions, asked 
at different stages in a person's 
life, are variations of a fundamen
tal question that many people 
wrestle with throughout their 
lives. With so many career oppor
tunities and so many specialized 
jobs, it may be hard to decide 
what to do. Considering occupa
tions that are energy-related 
doesn't seem to narrow the 
choices. After all, if energy is 
involved in everything society 
produces and does, then aren't all 
jobs energy-related? 

Strictly speaking, this is true. But 
there are many occupations 
directly related to energy develop
ment and use. The clearest exam
ples of such occupations are those 
found in industries that develop, 
deliver, and distribute energy 
resources. These include the oil, 
natural gas, coal, and nuclear 
industries; electric and natural 
gas utilities; and the renewable 
energy industry that provides 
energy from the sun, wind, falling 
water, and biomass_ Some of 
these companies are very large 
and employ thousands of people. 
Others, like renewable energy 
companies, employ fewer people, 
but may become more numerous 
in the future. Jobs associated 
with these companies range from 
scientists, engineers, and ana
lysts, to accountants, business 
managers, public relations spe
cialists, lawyers, facility man
agers, maintenance workers, a 



PERFORMANCE sTANDARDAcT1v1TY, Energy Story 

Summary 
Students develop a story that creatively and accurately incorpo
rates fundamental and essential energy-related concepts. This 
story can be used as the performance standard for the theme We 
Need Energy 

This activity can be presented at the beginning, middle, or end of 
an energy unit. Or this activity can be the energy unit, because 
researching and writing the story will help the students learn 
and understand basic energy concepts. Students can be given 
class time to conduct research or be expected to do this on their 
own. In addition, students can gain knowledge and skills about 
effects of energy use and development through participating in 
other class activities such as those found in the KEEP Energy 
Education Activity Guide. 

Objectives 
Students will be able to 

define energy; 
describe how energy is used 
to maintain, organize, and 
change systems; 
identify sources of energy; 
describe forms of energy; and 
explain how the first and sec
ond laws of thermodynamics 
apply to energy use. 

Rationale 
Writing projects provide students 
with unique opportunities to 
express their knowledge about 
energy-what it is, where it 
comes from, what forms it takes, 
and what properties it has. 

Materials 
Paper, writing utensils, and 
other items students use to 
present story 
Copies of Project Proposal 
Form 
Samples of stories written by 
students from previous ycius, 
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with the authors' names 
removed (optional) 
Copies of Peer Review Form 
Copies of Story Evaluation 
Form 

Background 
The primary message of the 
theme \Ve Need Energy is that 
everything depends on energy. 
Thoroughly understanding this 
message involves answering some 
basic questions. These questions 
include, "What is energy?" and 
"What does energy do?" To 
demonstrate that they have mas
tered the concepts in this theme, 
students should be able to 
describe accurately how they, 
their environment, and their com
munity depend on energy. This 
description should include the 
definition of energy and how it 
behaves. 

There are a variety of ways a 
teacher can determine if students 
underntand basic and essential 
energy concepts. One approach is 
for students to put thei1· thoughts 
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in writing. This assessment strat
egy, also called Writing-as-Learn
ing, helps students monitor and 
enhance their learning. 

Writing-as-Learning does not con
sist of students sitting at their 
desks and writing a two-page 
essay that the teacher has to 
spend the weekend grading. 
Instead it is an ongoing, progres
sive process, where the evaluation 
is formative rather than summa
tive. That is, teachers facilitate 
the development of students' writ
ten material, assess students' 
word choices and organizational 
skills, and note their progress. 
The key to success of the Writing
As-Learning approach is that stu
dents must be actively involved in 
the process. Students should view 
writing as a creative avenue to 
explore and express their compre
hension rather than a chore. A 
benefit of using writing as an 
assessment tool is that students 
become better writers. The chal
lenge of using the correct wording 
to relate new experiences to prior 
knowledge can enhance students' 
communication skills and vocabu
lary. 

Writing is an engaging process 
where students are compelled to 
think on paper. Students need to 
analyze, interpret, and work to 
make words and sentences 
correctly express what they 
understand. By reading students' 
creative writing projects, teachers 
gain insight into students' 
thought processes about essential 
energy concepts. Students should 
keep these stories and use them 
to refresh their memories about 
energy. 

Procedure 
Orientation 
Invite students to author a poten
tial best-selling story about ener
gy. This story might be presented 
in written form or as a play, 
video, or comic strip. 

Review the role energy plays in 
our lives and how it is often over
looked and unappreciated. 
Explain that energy is a challeng
ing topic because it is so abstract. 
Tell students that their mission, 
as good authors, is to take this 
complex, important topic and 
write a story that is meaningful 
to the average reader. Warn stu
dents that this is a challenging 
project, but their reward will be a 
unique understanding of energy 
that should be shared with the 
general public. 

Steps 
1. Introduce students to the 

Project Proposal Form. 
Shat·e the evaluation crite
ria listed on the Story 
Evaluation Form: 
Discuss the project c1·itcria 
and tell students that the 
main objective is accurate 
representation of important
energy concepts. If possible, 
have samples that do and do 
not meet the niteria available 
for student reference. 

2. As a class, identify impor
tant enet·gy concepts that 
should be included: 
Begin with a prewriting activ
ity where students identify 
major concepts in energy that 
they know or would like to 
know (use the project. criteria 

A possibl<.' action figure for an energy story: 
"-'fhcrmodym'· upholds the laws of thermody
namics. 

that addressed energy con
cepts. Students can use a 
graphic organizer such as a 
concept map to arrange the 
concepts. 

3. Divide the class into coop
erative working groups of 
two or three students: 
Discuss responsibilities asso
ciated with developing stories, 
such as designing, research
ing, drafting, reviewing, revis
ing, and presenting. Students 
may want to assign certain 
responsibilities to different 
group members. NOTE: This 
can also be a project where 
the whole class works togeth
er to create one story (for 
example, each cooperative 
learning group can develop a 
chapter). Another approach is 
to have students work indi
vidually. 

as a rcfc!rence). IL may help to 4. 

rchtc activities and lessons in 
which they li:ivc participated 

Have gnnips decide on a 
stor·y line and submit thci1· 
Project Pro11osal Form: 
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Invite the groups to brain
storm fun ways to tell the 
story. They should decide on 
their audience, the setting, a 
plot, and how their main mes
sage (the importance of ener
gy) will be delivered. Follow
ing are several creative 
approaches to presenting the 
story: 

• Adventures of energy as it 
flows through human 
and/or natural ecosystems 
(could be presented as a 
cartoon strip) 

· A "whodunit" mystery where 
the reader must "track" or 
locate evidence of energy 

· A script for a play or a video 
• An interview where people 

share their experiences 
with and insights into 
energy 

· A story of energy in one day 
of your life (perhaps a 
birthday or a community 
event) 

• An illustrated storybook for 
younger children 

Tell students to identify the 
pros and cons of each format. 
Lead students to select the 
approach that is most feasi
ble, yet provides a creative 
challenge. After students 
have a general idea of how 
they want to write the story 
and what energy information 
to include, have them com
plete their Project Proposal 
Form. Meet with the groups 
to discuss the form and to 
help them clarify their ques
tions concerning the informa
tion they need to wtite the 
story. 

5. Researching and writing 
the first draft: 
Help students identify strate
gies to answer the questions 
related to their story. Encour
age students to develop a sys
tem, such as an "Energy 
Learning Log," for recording 
and organizing their research. 
As much as possible, allow 
students class time to com
plete the project. This time 
can be used to monitor stu
dent progress, answer ques
tions, and provide editorial 
suggestions. This also gives 
you the opportunity to 
observe group dynamics, and 
make sure each student is 
doing his or her fair share. 

6. Reviewing the first draft: 
The purpose of the review is 
to identify where text can be 
added, deleted, or streamlined 
to strengthen the accuracy 
and presentation of energy 
concepts in the story. Help 
students to understand that if 
sto1·ies are carefully reviewed, 
revised, and edited, the 
results of the final evaluation 
should not be surp1:ising. 

Stories can be reviewed by 
students as well as by you. A 
Peer Review Form has been 
provided to guide students' 
reviews of each others' sto
ries. Encourage the reviewers 
to point out the strengths of 
the story first, and then pro
vide suggestions to improve 
the story. Visit each group to 
monitor their discussions. 

7. Revising the story based 
on the review: 
When the groups receive their 
reviews, they should brain
storm how they'll address the 

PERFORMANCE STANDARD ACTIVITY: 
Energy Scary 
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comments. Things to consider 
include "What additional 
research is needed?," "Which 
ideas should we accept or 
reject and why?," and "How 
should we incorporate sugges
tions?" 

During the revision process 
students should pay attention 
to their writing skills, taking 
care to use proper spelling, 
grammar, and punctuation. 
When they have completed 
the final draft, another stu
dent (a fresh pair of eyes) 
needs to read and edit it, 
because authors often miss or 
overlook their own errors. 

8. Editing the final draft: 
Editing can also be conducted 
by peers. Remind students 
that they arc to focus only on 
spelling and grammatical 
errors, and not rearrange or 
critique the content, as this 
should have been addressed 
in the review. Rather than 
expecting every mistake to be 
identified, encourage the edi
tors to concentrate on two or 
three types/kinds of rccun-ing 
errors. Be available to answer 
questions and check students' 
work to make sure their edi
torial comments are correct 
and to make sure nothing 
important has been over
looked. 

Closm·e 
Have the groups read or present 
their completed stories to each 
other. Students may be motivated 
to take extra care in developing 
their stories if they know they 
will be read or seen by an audi
ence outside of' the classroom. 
Discuss creative ways to display 
or present the st01·ies. The local 



library or businesses may be 
interested in exhibiting copies of 
students' work. If the stories arc 
entertaining and educational, 
they can be published and sold as 
a fund-raiser or donated to anoth
er class or school. 

Assessment 
Fonnative 

Did students work together 
cooperatively in groups? 
Did they ask pertinent and 
insightful questions? 
Did they conduct reviews seri
ously, providing useful com
ments? 
How did they respond to and 
address the reviews of their 
project? 

Sum1native 
The Story Evaluation Form 
provides an agree/disagree scale 
to evaluate papers. Passing 
grades should receive "Strongly 
Agree" and "Agree." Modify or 
adapt this form as needed. 
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The story of energy: Building 
a Foundation for Fui-the1· 
Understanding 
This writing project can help sup
port learning in the next themes, 
specifically Developing EneL"gy 
Resources, Effects of Energy 
Resource Development and 
Managing Energy Resource 
Use 

Resources 
For Teachers 
Cook, Doris M., John Benson, and 
Arnold Chandler. Strategic Learn
ing in the Content Areas. Madi
son, Wisc.: Wisconsin Department 
of Public Instruction, 1989. 

Tchudi, Stephen N. and Margie 
C. Huerta. Teaching Writing in 
The Content Areas: 
Middle/Junior High School. 
Washington, D.C.: National Edu
cation Association, 1983. 

Upton, James. "Write On: 
Improving Learning Through 
Writing." Paper presented at the 
Annual Meeting of National 
Council of Teachers of English, 
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San Antonio, Texas, November 
21-26, 1986. Available on ERIC 
ED277010. 

Vacca Richard T. and Jo Anne L. 
Vacca. Content Area Reading, 3rd 
Edition. Glenview, Ill.: Scott, 
Foresman and Co., 1986 

For Students 
Adler, David. Wonders of Energy: 
The Question and Answer Booh. 
Mahwah, N. J.: Troll Associates, 
1983. 

Hoban, Russell. Arthur's New 
Power. New York: Harper Collins 
Publishers, 1978. 

Podendorf, Illa. Energy. Chicago: 
Childrens Press, 1982. 
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Project Proposal For111 

Name(s) Responsibilities* 

*If this is a _group project, write down each person's primaQ' responsihility. 

Purpose of Project 
To develop a story that emphasizes the importance of energy in our lives. 

Date Story Is Due _____________ _ 

Suggested Length _____________ _ 

Summary of Proposed Story Line (include audience, setting, and general plot description) 

Criteria 
The purpose of the project must be emphasized within the story. 

The story must address the following questions: 
What is energy? 
What evidence is there that energy is being or has been used? 
Where does the energy come from? (Identify sources.) 
In what forms does energy exist? 
What happens to energy as it is being used? (Relate to energy transfer and convcrnion; also tic in the 
first law of thermodynamics.) 
What are the limitations of energy use? (Relate to the second law of thermodynamics.) 

The story must be edited and checked to make sure grammar, punctuation, spelling, etc. are correct. 

Include other criteria or considerations. 

Gener·ate a list of questions about energy you'll need to know to w1·itc this si:01·y. 

PERFORMANCE STANDARD ACTIVITY: 
Energy Story 
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Evaluating Your Home or School 
for Solar and Wind Energy 

M 76 

S u1n1nary 
Students measure solar and wind variables around their home or 
school to discover which sites could use renewable energy. 

Objectives 
Students will be able to 

assess a site for potential use 
of solar energy; 
assess a site for potential use 
of wind energy; 
identify limitations of their 
assessment; and 
explain why energy efficiency 
is important when assessing a 
site for potential rene\.vable 
energy use. 

Rationale 
Understanding conditions needed 
to use renewable energy enhances 
students' abilities to make their 
own energy choices. 

Materials 
Map of the United States 
Copies of the activity sheets 
students will use (The Sun's 
Heating Contribution, Is 
Your Home Sited for Solar 
Energy? or Wind Power for 
Your Home for School/?) 
Materials listed on these 
selected activity sheets 

Background 
An increasing number of people 
arc investigating the use of 
renewable energy to power their 
household. As commercial produc
tion and the efficiency of these 
technologies increase, tlwir cost 
decreases. However, they arc still 
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a considerable investment. If used 
correctly though, the costs in 
energy savings will pay for the 
equipment over time. 

Everybody in the renewable ener
gy business begins every site 
evaluation.with the simple ques
tion of how the energy loads (con
sumption in kilowatt hours 
[kWh]) can be reduced. It is 
always cheaper to save a watt 
than it is to produce one. An 
energy-efficient home uses only 
the energy it needs and doesn't 
waste energy. For example, home
owners make sure their dwelling 
is well insulated so heat does not 
escape, own appliances that work 
effectively using less energy, and 
do not leave lights or appliances 
on when they are not needed. 
These efforts ensure that the 
renewable energy technologies 
will run smoothly and not be 
overworked, producing energy 
that is used unwisely. 

For more information on renew
able energy resources and how 
they are used, sec the Back
gnrn nd on each of the student 
activity sheets (The Sun's Heal
ing Contribution, Is Your 
Home Sited for Solar Energy? 
and Wind Power for Your 
Home for School/?), the activity 
"Why Use Renewable Energy?" on 
pages l\1 25, and the Energy 
Fact Sheets. 



Procedure 
Orientation 
Have students list the energy 
sources used to heat their home. 
If no one mentions solar heat, ask 
how many of them live in homes 
that use solar heating. If students 
indicate they do use solar heat
ing, ask them to explain. Stu
dents may point out that because 
sunlight shines in their windows, 
their homes receive solar heat. If 
students do not indicate that they 
use solar energy or do not men
tion sunshine providing heat, you 
may wait and see if students 
mention this during the Closure. 

Steps 
1. Ask students to imagine they 

are homeowners who are con
sidering installing renewable 
energy devices. Who would 
they contact for information? 

2. Tell students that renewable 
energy consultants or propri
etors evaluate sites for poten
tial use of solar and wind 
energy. What do students 
think is the first step in eval
uating a site? They may be 
surprised to learn that a care
ful energy management or 
audit plan precedes the 
installation of renewable 
energy technologies such as 
windmills and solar panels. 
Discuss reasons why energy 
efficiency and conservation 
are important (sec Back
g-i-ound ). 

3. Tell students that after an 
energy management plan (to 
reduce the number of kilo
watt hours used) is devel
oped, the consultant begins Lo 
assess the site's solar and 
wind energy potential. 

Ev.aluating Yow Home or- Schoo! f.);· Sob; .:.nd \t'/in0 
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4. Inform students that they arc 
going to apply simplified ver
sions of the techniques these 
professionals use. The data 
they collect will not provide 
information that is as precise 
as that obtained by the pro
fessionals, but it will give 
insight into some of the para
meters that are considered in 
these assessments. 

5. Show students a map of the 
United States. Review the 
geographical location of Wis
consin, specifically its lati
tude. 

6. Have students use one or 
more of the following activity 
sheets to investigate the pos
sibility of their school or 
homes using renewable ener
gy resources, such as solar 
and wind. An advantage of 
conducting the activities at 
school is that student 
responses on the activity 
sheets should be similar since 
they arc using the same data 
and reference points. Howev
er, they may have more own
ership of the results if the 
infonnation applies to their 
home. 

There arc a variety of 
approaches in doing these 
investigations. For example, 
each student can take the 
activity sheets home to assess 
their own living area or stu
dents can be divided into 
teams that arc responsible for 
completing all three activity 
sheets. The class can also be 
divided into thirds with each 
group completing one activity 
sheet. 
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A listing of the activity sheets 
and a summary of each is 
provided below. 

The Sun's Heating Con
tribution 
Students determine how 
much heat their home or 
a room in the school gains 
through passive solar 
energy. 
Is Your Horne Sited for 
Solar Energy? 
Students identify a loca
tion around their home or 
school they think would 
be a good spot for a solar 
collector and evaluate its 
potential for receiving 
sunlight during winter. 
Wind Power for Your 
Home (or School)? 
Students map wind 
speeds around their home 
or school to find out if it. is 
a potential wind power 
site. 

Closure 
Discuss the results of students' 
findings. Students' data and cal
culations will vary. Discuss fac
tors, such as cloud cover, shade, 
weather, wall or roof covering, 
ground and roof levels, cost, etc. 
that affect the results. Based on 
their findings, have students con
clude whether they think their 
school or home is suitable for 
solar or wind energy. What other 
information might they need to 
know? Students should consider 
other modifications they might 
have to make to their home or 
school (insulation, weather-strip
ping, zoning lav-•s, space issues, 
cost, maintenance, etc.). 
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Assessment 
Fonnativc 

How accurately did students 
complete the activity sheets 
that evaluate their home or 
school for solar and wind 
energy? 
Were responses to questions 
based on results of measure
ments taken? 
Did students make logical 
conclusions about their site's 
potential using solar or wind 
energy? 

Sununativc 
Have students compile their 
findings and write an assess
ment that concisely concludes 
whether the site is suitable 
for renewable energy. They 
may also mention additional 
information needed to make a 
more accurate assessment. 
Ask students to evaluate the 
outcomes of this activity. 
Given that the procedures 
students used to obtain mea
surements are simplified ver
sions of actual techniques 
used to assess energy use 
potential and may not provide 
precise information, ask stu
dents what they think they 
gained from taking these 
measurements. Students 
should understand that they 
have an awareness of what is 
involved in evaluating a home 
for renewable energy and that 
careful planning is needed if 
these technologies arc to be 
effective. 
Show students a sketch of a 
building or take them to a 
nearby structure. Have them 
Lake on the role of a renew
able energy consultant or pro
prietor who will evaluate the 
site's potential for passive 
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solar heating, locating a solar 
collector, and wind energy. 
They should develop a plan 
for their evaluation. In addi
tion to the exercises conduct
ed in this activity, check to 
see if their plan includes 
assessing the structure's 
energy consumption and rec
ommendations for increasing 
energy efficiency. 

Extension 
Renewable energy proprietors 
and consultants use very precise 
equipment and take careful mea
surements when assessing homes 
for the potential use of renewable 
energy. Invite one of these profes
sionals to class to demonstrate 
how they use the equipment, or 
take students on a field trip to 
sec an actual renewable energy 
site evaluation. The activity "Why 
Use Renewable Energy?" on page 
M 25 contains a limited list of 
renewable energy consultants 
around Wisconsin. 

Resources 
For Teachers 
Allen, Edward. "How to Trap 
Solar Heat with Your Windows." 
Popular Science 206, no. 2 (1975): 
108-116. 

Gipe, Paul. Wind Ene,gy Comes 
of Age. New York: John Wiley and 
Sons, Inc. 1995. 

Mazria, Edward. The Passiuc 
Solar Energy Booh. Emmaus, 
Penn.: Rodale Press, 1979. 

U.S. Department of Energy, Con
servation and Renewable Energy 
Inquiry and Referral Service. 
"Renewable Energy: An 
Overview." U.S. Department of 
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Energy Information. Washington, 
D.C: U.S. Department of Energy, 
March 1990. DOE/CE-0359P, FS 
175. 

U.S. Department of Energy, 
National Renewable Energy Lab
oratory. "Learning about Renew
able Energy for Young Scholars." 
Energy Efficiency and Renewable 
Energy Clearing House. Washing
ton, D.C.: U.S. Department of 
Energy, October 1995. DOE/GO-
10095-042, FS 189. 

Wisconsin Department of Admin
istration, Division of Energy and 
Intergovernmental Relations, 
Energy Bureau. Wisconsin Energy 
Statistics-I 996. Madison, Wisc.: 
Wisconsin Department of Admin
istration, 1996. WEB/DA: 031. 

Cornplcmcntary Activities 
Solar Energy Project. "Is Your 
Home Sited for Solar Energy?" 
pp. 2-1 to 2-11 in Renewable 
Energy Actiuities for General Sci
ence. Albany, N.Y.: Solar Energy 
Project, State University of New 
York at Albany for the U.S. 
Department of Energy under con
tract number AC01-77CS 34039, 
n.d. 

Solar Energy Project. "Wind 
Power for Your Home?" pp. 4-1 to 
4-11 in Renewable Energy Actiui
ties for General Science. Albany, 
N.Y.: Solar Energy Project, State 
University of New York at Albany 
for the U.S. Department of Ener
gy under contract number AC01-
77CS 34039, n.d 

Solar Energy Project. "The Sun's 
Contribution to Home Heating" 
pp. 4-1 to 4-12 in Renewable 
Energy Actiuities for Earth Sci
ence. Albany, N.Y.: Solar Energy 
Project, State University of New 
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York at Albany for the U.S. 
Department of Energy under con
tract number AC01-77CS 34039, 
n.d. 

Union of Concerned Scientists. 
"Solar House Assignment" p. 32 
in Renewables Are Ready: A 
Guide to Teaching Renewable 
Energy in Junior and Senior 
High Classrooms. Cambridge, 
Mass.: Union of Concerned Scien
tists, 1991. 

Credits 
Activity adapted from Solar Energy Project. "Is 
Your Home Sited for Solar Energy?" pp. 2-1 to 2-
11 and "Wind Power for Your Home?" pp. 4-1 to 
4-11 in Renewable En,:,rgy Activities for General 
Science, and "The Sun's Contribution to Home 
Heating" pp. 4-1 to 4-12 in Renewable Energy 
Activities for Earth Science. Albany, N.Y.: Solar 
Energy Project, State University of New York at 
Albany for the U.S. Department of Energy 
under contract number AC01-77CS 34039, n.d. 
Used by permission of New York Science, Tech
nology and Society Education Prnjcct (NYSTEPJ. 
All rights reserved. 

Background for student pages also from U.S. 
Department of En-ergy. "Learning about Hcnew
able Energy for Young Scholars" in Energy Effi
ciency and Renewable Energy Clearing House. 
Washington, D.C.: U.S. Department of Encrg_v 
October 1995. DOE/GO-10095-042, FS 189. 

Ilelated KEEP Activities 
Conduct one or mo1·e of the surveys from "Creating an Energy End Use Survey Plan" to orient students to the 
ways we use electricity in homes and schools. Energy efficiency is a prerequisite to successful implementation of 
renewable energy resources; "The Cost of Using Enc1·gy" will help students appreciate connections between energy 
uses and what they pay for energy. Orient students to Action Ideas: Energy Efficiency Measures to learn ways to 
reduce energy loss. Solar energy concepts arc addressed in '"The Miracle of Solar Cells" and "Shoebox Sola1· Cook
er." "Why Use Hencwalile Encrgy'1" is a good complement to this activity. 

Evaluating Your Home or Schoof for Sobr and Wind 
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The Sun's Jieating Contribution 

Introduction 
In this activity you will figure out how much heat in your home or school is supplied by the sun. Then you 
will calculate how much fuel the sun saves you. 

Objectives 
At the completion of this activity, you should be able to 

list the factors that affect the solar heat gain of your home or school; 
determine the amount of solar heat gained through the windows of your home or school during the 
winter heating season; 
calculate the quantity and cost of fuel needed to equal this solar gain; and 
explain the significance of this solar heat gain. 

Skills and Knowledge You Need 
How to collect and organize data 
How to read tables of information 
Definitions of units of measurement for energy (specifically Btu and kWh) 
Knowledge of the unit costs of natural gas, electricity, and fuel oil in your area 

Materials 
Compass 
Tape measure 
Calculator 

Background 
All buildings have passive solar heating. The amount of solar heat gain depends upon such factors as lati
tude, size and orientation of windows, and season of the year. A passive solar home or building naturally 
collects the sun's heat through large, south-facing windows, which arc just one aspect of passive design. 
Once the heat is inside, we need to capture and absorb it. Think about a sunny spot on the 0oor of your 
home on a cold clay. That "sun spot" is nice and warm, right? ft is warm because it holds the sun's heat; we 
call such things absoi·bers. In solar buildings, sunspaces are built onto the south sides and act as large 
absorbers. The floors of sunspaces are usually made of tiles or bricks that absorb heat throughout the day, 
then release their heat into the air when the air is colder than the floor. 

The quantity of heat provided by passive solar energy is significant and can be equated to amounts of nat
ural gas, fuel oil, and electricity. Solar heat gain is influenced by the degree of cloud cover, the type of win
dow glazing, and the shading of windows. Passive solar heat gain cannot be considered in isolation, for 
uncovered windows contribute to home heat loss during cloudy periods and at night. In this activity you 
will look at one specific aspect of passive solar heating: the amount of heat gained from the transmission of 
sunlight thrnugh windows. 

P i·oced u i·c 

1. Use a coinpass to dctenninc the numbe,· of windows in your hon1e or school that face each 
of these dit·ections: north, east, south, and wcsl. Place these numbers in "Column A" on Data Table 
/. Some spaces may be blank, as your home or school may not have windows facing every direction. 
NOTE: If you arc doing this activity at school and the school is large, you may want to limit your 
measurements to Oil(' room or one floor. 
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The Sun_'s Heating Contribution 
(continued) 

2. Measure the area of each window in square feet. To do this, multiply the length of each window 
by its width (area = length x width). 

3. Add the areas of the windows facing each direction and record the sums in the spaces provided 
in "Column B." You should now have a record of the total window area facing each direction. 

4. Next, multiply each daily solar heat gain listed in "Column C" by the total window area list
ed in "Column B." You will obtain five monthly values for each of the window orientations. Record 
these values in "Column D." 

Additional information: 
Keep in mind that these daily solar heat gains are based on heat coming from consistent sunny 
days. If you measured the actual heat gained, it would vary from these figures. 
British Thermal Units (Btu) is a unit used to measure heat. One Btu is the amount of heat energy 
required to raise the temperature of one pound of water one degree Fahrenheit. The heat given off 
by a lit wooden match is approximately one Btu. 
In this activity, 44° latitude applies to all areas of Wisconsin. 

5. In "Column D" you have listed the total daily solar heat gain for each orientation during each month in 
Btu. To convert to monthly solar heat gains, multiply each of the values in "Column D" by the 
number of days for the month specified. Record these findings in "Column E." 

6. To determine the solar heat gain for the windows facing each direction throughout the winter months, 
add the 1nonthly values listed in "Column E" fo1· each orientation and place the totals in 
"Colurnn F". 

7. To obtain the total solar heat gain from all the windows of your home or school throughout the winter 
months, add the recorded values of "Column F" and place this figure at the bottom of 
"Colunu1 F." 

8. Transfer the total heat gain from the bottom of "Column F" to "Column l" of Data Table 2. 

Fuel 

I cubic foot natural gas 

I gallon fuel oil 

kilowatt-hour electricity 

Heat Content 

750 Btu (75 percent burner 
efficiency) 

89,7000 Btu (65 percent burner 
efficiency) 

3,413 Btu 

Eva!ua._::,g Yo'....:r H0•11e OI" ~.:!,,..,.2! (:::;;· 5,-1:, .. .:::~<l \."'1in0 
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The Sun_'s Heating Contribution 
(continued) 

9. Calculate how much natural gas, fuel oil, and electricity would be necessary to supply an amount of 
heat equal to the solar heat gain through your windows during the winter. (This is called the heat 
equivalent.) To do this, divide the number of Btu provided through solar heat gain by the heat 
content (number of Btu in each fuel unit). The heat contents of natural gas, fuel oil, and electricity are 
provided in the table below. Enter the heat equivalent values under "Column 2" in Data Table 2. 

Calculations: 
Btu of solar heat gain 
Btu/unit of fuel. 

Example: 

heat equivalent (units of fuel) 

If the solar heat gain is 15 million Btu, divide this by 3,413 to get the heat equivalent for kilowatt
hours of electricity. 

15 million Btu of solar heat gain 
3,413 Btu/kWh of electricity 

4,395 kWh 

10. Using the current fuel costs per unit in your area for natural gas, fuel oil, and electricity, compute the 
costs of the quantities of the fuels determined in Step 8. Record these costs under "Column 3" of Data 
Table 2. 

Calculations: 
Heat equivalent (cost per unit) X cost/unit cost 

Example: 
If the heat equivalent is 4,395 kilowatt-hours, and the cost of electricity is $.0G per kilowatt-hour, 
then 

4395 kWh X $.0G/kWh $263.70 

Questions 
1. Which window orientation receives the greatest solar heat gain during the winter months? 

2. Why do those windows (mentioned in Question 1) gain the most heat? 

3. What fuel is used to heat your home or school? How much more might it cost to heat your home or 
school from November through March if there was no solar energy entering the windows? 

4. \Vhat percent of your total heating bill could you attribute to solar heating if you had to pay the same 
price for solar heat as you do for your fuel source? Is this savings significant? Why? 
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Example: 
Let's say you use electricity to heat your home and the average cost is around $1,500 per heating 
season. Based on calculations in the activity, you'd have to add an extra $263. 70 to your heating 
bill, if you didn't have incoming solar heat total for a total of $1,763.70. Divide $263.70 by the total 
and multiply by 100 to figure out the percentage of the cost that solar energy contributes to home 
heating ($263.70/1,763 70 x 100 = 14.~J pci-c:ent) 

152 

Evaluating Youc Horne or Schoo! for SoLir and Wind 
Energy 



Tl1e Su11's Heating Contributio11 
(continued) 

NOTE: A simpler variation is to figure out the solar percentage of the total heat your home 
receives. For example, in winter, the average household uses around 80 million Btu of heat energy 
provided by natural gas, fuel oil, or electricity. In the example above, solar heat provided an addi
tional 15 million Btu of heat energy, bringing the total to 95 million. Therefore, solar heat provides 
about 15. 7 percent of the total heat needed to warm the home (15 million/95 million x 100 = 15. 7 
percent). 

Looking Back 
Were you surprised to see how much heat from the sun your home or school gets through its windows? A 
lot depends on conditions. Notice that your calculations were based on a clear day you assessed a home or 
school with double-glazed windows. Cloudy weather, single- or triple-glazed windows, or obstructions in 
front of the windows can make a big difference in the amount of heat the building receives. 

Of course, while heat may be coming in through the windows, it's also going out the walls, ceilings, and 
floors. That is why conservation is so important. Insulating the home or school and covering windows at 
night can help keep the heat in and let the sun do a larger share of heating. 

Going Further 
Find the average percentage of sunshine in your area for the winter months. Sources for this information 
include the National Weather Service and your local weather station. Multiply this percentage by the total 
solar heat gain from Data Table 2. This calculation will give you a more accurate estimate of the heat 
gain through your home's windows. Recalculate the costs of providing an equivalent amount of heat. Is the 
savings considerably less? 

A variation of this investigation is to consider how window orientation contributes to unwanted and expen
sive heat gain during the summer. Do south-facing windows gain more or less heat in summer? How can 
window shades and awnings prevent unwanted heat gain? Would it be better to have deciduous trees or 
evergreen trees outside windows? 

... valuacing Your Home or School for Solar and Wind 
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The Su11's Heating Contribution 
(continued) 

Data Table I 
Adapted from "Data for Clear-day Solar Heat Gain through Double-glazed Windows in £3tu/sq.ft." taken from computer studies 
by M. Steven Baker, University of Oregon, Eugene, Oregon, 1977. Printed in Appendix I of: Mazria, Edward. The Passive Solar 
Energy Book. Emmaus, Penn.: Rodak Press, [nc., 1979. Used by permission. All rights reserved. 

A 
Window Number of 

Orientation Windows 

North 

East 

South 

West 

I 
Total Passive Solar 

Heat Gain 

Total Btu 

B C D E F 
Total Daily Solar Heat Total Daily Total Winter Heat Gain for 

Window Gain (Btu/sq.ft.) Heat Gain (Btu) Monthly Each Window 
Arca (sq.ft.) Ilea( Gain Orientation 

(Btu) 
44° 

Nov 104 Nov __ (x30) Nov 
Dec 82 Dec __ (x31) Dec 
Jan 102 Jan _(x31) Jan 
Feb 148 Feb _(x28) Feb 
Mar 208 Mar __ (x31) Mar 

Btu 
Nov 399 Nov _(x30) Nov 
Dec 307 Dec __ (x31) Dec 
Jan 405 Jan __ (xJI) Jan 
Feb 603 Feb _(x28) Feb 
Mar 829 Mar __ (x3!) Mar 

Btu 
Nov 1388 Nov _(x30) Nov 
Dec 1292 Dec __ (x31) Dec 
Jan 1420 Jan _(x31) Jan 
Feb 1506 Feb _(x28) Feb 
Mar 1342 Mar __ (x3I) Mar 

Btu 
Nov 399 Nov __ (x30) Nov 
Dec 307 Dec __ (x31) Dec 
Jan 405 Jan __ (x31) Jan 
Feb 603 Feb __ (x28) Feb 
Mar 829 Mar __ (x31) Mar 

Btu 

Total Btu 

Data Table 2 

2 
Heat Equivalent 

Cubic fee( of natural gas 
cubic feet 

Gallons of fuel oil 
gallons 

Kilowatt-hours of electricity 
kWh ----·----

KEEP Energy Educwon Actwicy Gu<dc 
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3 
Cost of Heat Equivalent 

Natural gas 
@ __ /cubic foot=$· 

---

fuel oil 
@ ___ /gallon =$ 

---

Electricity 
@ ___ /kWh =$ 

---
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Is Your Ho1ne Sited for Solar Energy? 

Inti·oduction 
In this activity, you'll use a simple method for identifying obstructions around a site. You'll also determine 
whether those obstructions wi!! cast troublesome shadows on the solar collection area. 

Objectives 
At the completion of this activity, you should be able to 

construct a device to locate the winter path of the sun in the sky; 
explain how the device functions; 
use the device to discover obstructions that will shade a house or site; and 
evaluate whether a house or other site is properly located for collection of solar energy. 

Skills and Knowledge You Need 
The ability to use a magnetic compass 
Definitions of units of measurement for energy (specifically kWh) 
The ability to draw simple outlines 
Knowledge of your latitude 

Materials 
Activity Sheet A 
Thin cardboard 
Glue 
Tape 
Small magnetic compass 
Activity Sheet B 

Background 
Let's say you want to place a solar collector on your home or school. There arc several types of solar collec• 
tors; for this activity assume the solar collector will be used for space heating. Where would you locate it? 
Solar collectors cannot collect the sun's energy unless the sun shines on them. This may seem obvious, but 
it can be overlooked when choosing a site for a solar system. The altitude of the sun is the angle between 
the position of the sun in the sky and a point directly below on the horizon. This altitude varies by 47° 
during the course of one year, and unless homeowners can observe the altitude of the sun on December 22 
at their sites, they may be unaware of potential shading problems. 

The sun's greatest heating effect occurs between 9:00 Ai\! and 3:00 I'M Standard Time. It is best if no more 
than 15 percent of a solar collector is shaded during this time (the less the better). There are many oLstruc
tions that may shade a collector: hills, other buildings, fences, chimneys, dormers, evergreen trees, and 
deciduous trees (although they lose their leaves in winter, large limbs may still cause significant shading). 
The use of a sun locator allows you to accurately plot the times of day that sunlight is blocked by these 
kinds of interferences. 

If you imagine the sky as a transparent dome whose center is your site, you can project the sun's path dur
ing the year onto this dome. The area enclosed by the sun's position at 9:00 AM and 3:00 PM throughout the 
year, and its path on June 22 and December 22, comprise the '"solar window" for your site. All direct radia
tion must come through this window. Any obstructions projectc!d onto the dome in "front" of this window 
will block sunlight and shade' your site. The sun locator gives the winter edge of this solar window and 
allows you to sec 01Jstructio11s projecting onto it. 

Evaluating Your Home or School for Solar .rnd W111<1 

Enet·gy 
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Is Your Home Sited for Solar Energy? 
(continued) 

Procedure 
1. Gluc the sun locator (Activity Sheet A) onto a thin sheet of cardboard. 

2. After the glue has dried, cut out the two sections of the sun locator along the solid lines. 

3. Cut the top section of the sun locator along the line that most closely represents your latitude. Follow
ing are some cities and their latitudes to help you decide which line to choose. 

If you live near: 

Beloit or Kenosha (42° 30') 
Madison or Milwaukee (43°) 
La Crosse or Oshkosh (44°) 
Stevens Point or Green Bay ( 44° 30') 
Eau Claire, Sturgeon Bay or Wausau (45°) 
Rhinelander (45° 30') 
Superior (46° 30') 

If you are not near one of the above locations and 
your site is located in latitudes between: 

42° 30' and 43° 59' 
44° and 45° 59' 
46° and 47° 07' 

Choose the following line on the Sun Locator Latitude 

43° 
43° 
45° 
45° 
45° 
45° 
47° 

Choose the following line on the Sun Locator Latitude 

43° 
45° 
47° 

4. Assemble the sun locator as shown in Diagram I. Bend the edges of the bottom section upward along 
the dotted lines. Bend all tabs upward or over along the dotted lines. 

Diagram I 

eye 

1 
rear sight 

compass 

5. Fit the Lop section along the curved edge of the bottom section. Tape all tabs in place. 

6. Center the compass on the mark on the base of your sun locator. Align the compass needle with true 
north by turning the sun locator. 

M 86 KEEP Enccgy Education Activity Guide 
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Is Your Ho1ne Sited for Solar Energy? 
(continued) 

7. Your sun locator is complete. Keep in mind that solar consultants use sophisticated equipment that 
takes accurate measurements. However, this simpler version will provide insight into appropriate loca
tions for a solar panel on your home or school. 

8. Take your sun locator to the site you want to evaluate for solar collection. This may be a window, the 
side of a building, a potential house site, or a solar collector site. Stand as close as is safely possible to 
the surface that will be collecting the solar energy. Caution: Many solar energy devices are locat
ed on roof tops. Unless you have a flat roof with easy access, do not use this as one of your 
locations. If you are using a window, niake all 1neasurements fron1 inside. Readings taken 
outside should take place at ground level. 

9. Hold the locator level. Realign the compass with true north. Your sun locator is now aimed toward true 
south. Keeping the locator level and aligned in this direction, lift it to your eye so that you are looking 
through the rear sight. Caution: Never use your sun locator to look directly at the sun. Penna
nent eye damage can result. 

10. The curved top of the sun locator represents the sun's lowest path in the sky in your area (winter or 
December 22). The sun will not drop lower in the sky than this line, so objects masked by your locator 
will never shade your site. 

11. However, objects in front of you which appear 
above the curved top will create shading 
problems at your site. Starting at 9:00 AM on 
your locator, observe the objects that will 
shade your site during winter. On Activity 
Sheet B, sketch these objects in their correct 
positions and proportions within and around 
the lower half of the solar window. Continue 
sketching until you reach 3:00 PM. Your 
sketch may look something like the lower 
half of Diagram 2. 

12. Complete Activity Sheet B by sketching any 
remaining objects within and around the 
upper half of the solar window in their cor
rect positions and proportions. Be sure to 
sketch eaves, awnings, or other objects that 
you see. 

13. Repeat Steps 7-12 for two other potential 
solar sites. 

Diagram 2 

Evaluating Your Home or School for Sobf" and Wind 
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Sun's lowest path fn sky 

fJcct:mbcr 21 

Mask 
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Questions 

Is Your Hon.1.e Sited for Solar E11.ergy? 
(continued) 

L How docs the sun locator work? (Explain why it is important to align the compass needle with the cor
rect marking on the locator, why it is necessary to use the line specific for your latitude, and why it is 
designed to only collect information from 9:00 AM to 3:00 PM.) 

2. Which of the sites you evaluated would be best for year-round operation of solar devices? Which would 
be best for summer operation? For winter operation? Why? Arc there times when summer shading is 
an advantage? Explain. 

3. If a site is a poor location for using solar energy, can it be improved? How? What implications should 
you consider before cutting down trees? 

4. Solar proprietors and consultants use sophisticated equipment to evaluate sites for placing solar pan-
els. What limitations (mistakes) might there be in using this simple model? 

Looking Back 
The sun locator is a simple device for identifying the sun's lowest path through the sky during the year. 
Using it you are able to see whether objects around a site shadow it during December. The hours from 9:00 
AM to 3:00 PM are the most important for solar collection. If you have a site that is generally unshadowed 
from 9:00 AM to 3:00 PM, you have a good solar site. 
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Is Your I-Ion1.e Sited for Solar Energy? 
(continued) 

Activity Sheet A 

Instructions 
Cut along appropriate latitude line 

/ 
/ 

12 Noon 
1 P.M. 

Sun Locator 

True South 

~ / 

""' / ~ Center magnetic / 
~ ---+----- + -------t-- / 

~ compass on this mark // 
~ / 

""' / ~ / 
~ / 

~ // 

"" / 
' Q) -£ / 

' :J L. 

""' L O / 
""' f- z / 
~ // 
~ / 
'/ 

/ 
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Is Your Ho1ne Sited for Solar Energy? 
(continued) 

Activity Sheet B 
NOTE: See Step 11 for Instructions. 

Latitude = ______ 0 

M 90 

Sun's lowest path in sky 

December 21 

Mask 
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Wind Power for Your Home (or School)? 

Introduction 
In this activity you'll investigate whether your home or school has potential to get its electricity from the 
wind. 

Objectives 
At the completion of this activity, you should be able to 

construct a simple instrument for measuring wind speed; 
successfully use the instrument to measure wind speed; and 
choose a size and number of wind generators needed to meet the electrical needs for your home or 
school room. 

Skills and Knowledge You Need 
How to read and interpret tables of data 
How to perform simple arithmetic operations 
Definitions of units of measurement for energy (specifically kWh) 
Knowledge of average annual wind speed in your area 

Matedals 
12 inches (about 30 cm) of dark-colored monofilament fishing line 
Needle (longer than the diameter of a Ping-Pong ball) 
Ping-Pong ball 
Glue 
Protractor 
Bubble level 
The number of kWh of electricity your household or school used during one year. (Your utility can pro
vide you with this information or if you have your utility bills for the past year, you can add them 
together. See Step 4 for alternatives.) 

Background 
Did you know that wind is considered an indirect form of solar energy? Winds result from the movement of 
air masses with different temperatures and densities. The sun heats parts of Earth's surface differently. 
Those surfaces, in turn, heat the air above them to varying temperatures. \Vanner air expands, becomes 
less dense, and is buoyed up by surrounding cooler, denser air that rushes in to replace it. This creates 
wind, which is thus considered a form of solar energy. 

For centuries, wind has been used to sail ships, grind grain, and pump water. Now people use the wind to 
generate electricity. The windmills built long ago had many blades, but today's wind turbines usually have 
just two or three (much longer) blades. Wind turbines used by electric utilities may have blades that are up 
to 82 feet (25 m) long! The blades drive a generator that produces electricity, much like a steam turbine. 
The longer the blades and the faster the wind speed, the more electricity the turbine generates. Wind tur
bines arc placed on towers because the wind blows harder and more steadily above the ground. 

Evaluating You,· Home or School foC Solar and Wind 
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Wind Power for Your Hon-ie (or School)? 
(continued) 

Procedure 
1. Construct the windspeed indicator as shown in Diagram I. 

Gluc the bubble level on the protractor as shown. 
Thread the needle with the colored fishing line and push it through the Ping-Pong ball. 
Remove the needle from the fishing line. Knot the end of the fishing line and glue it to the Ping
Pong ball. 
Gluc the other end of the fishing line to the center of the protractor as shown. 

bubble level 
Diagram I 

- fishing line 

ping-pong ball 

2. Choose an open site near your home and do the following: 
Holding your indicator so that the bubble of the level is centered, face into the wind and record the 
angle that the fishing line makes with the horizontal plane of the protractor 
Take measurements of this angle at four different times: 8:00 AM, 12:00 Noon, 4:00 PM, and 8:00 PM 

Record each measurement in Data Table I 
Add these values and divide by four to determine the average angle of the fishing line; record this 
value 
If possible, repeat these measurements for five days 

NOTE: If you are doing these measurements during school, choose four evenly spaced times during the 
school day. 

3. From Data Table 2, choose the angle closest to your average angle. Record the wind speed determined 
by this angle on Data Table I. 

4. In Data Table 3, record one of the following: 
The amount of electricity (in kWh) your household or school used during one year 

· The average kWh of electricity used by Wisconsin residents during one month multiplied by 12 

NOTE: If you do not have either of these, us(• the figure provided, which is the average amount of elec
tricity used by Wisconsin residents in J 9SJS (8,G50 kWh). 
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Wind Power for Your Ho1ne (or School)? 
(continued) 

5. Data Table 4 indicates Estimated Annual Electricity Output from the Wind in Thousand 
h Wh(year. Complete the following steps to identify the appropriate rotor diameter (the length of one 
blade from tip to tip) that would supply enough kilowatts for your home or school. 

From the far left column, select the wind speed which is at or just below the value found for your 
home or school site. 
Identify the kWh/year for the wind speed near or above the value entered in Data Table 3. Do this 
by going across the row that begins with your selected wind speed until you find the closest value. 
ldentify the rotor diameter from the top of that column. 
Record your choices in Data Table 5. 

For example, if your wind speed were 13 mph (20.9 km/hr) and the amount of electricity used in your 
home last year was 8,000 kWh (this appears as 8.0 in the table), then you would need one 16.4 feet (5 
m) diameter wind generator. You can also use combinations of smaller generators, such as three 9.8 
feet (3 m) diameter wind generators to meet your home's or school's energy requirement. 

6. Find out the average annual wind speed for your area. Contact your local weather station or universitv 
science department. Repeat Step 5 for this wind speed. · 

Questions 
1. How did the number and size of wind generators needed compare for the average annual wind speed 

and for the wind speed value you determined? Which do you think is a more valid projection of the size 
and number of generators your site would need? 

2. One of the most important steps to take when considering using renewable energy, such as wind power, 
is how you can increase your site's energy efficiency (use less electricity). If the value you entered in 
Data Table 3 were 25 percent less, how would this affect the size and number of generators needed? 
What if it were 50 percent less? 

3. What do you think about the potential of using wind power for your home or school? 

4. Wind energy consultants use sophisticated equipment to measure wind energy potential. What limita-
tions (mistakes) might there be in using this simple model? (See also Going Further.) 

Looking Back 
This activity provides a rough indication of whether your home or school is suitable for using wind power. 
Often people who choose to use renewables use a combination of energy technologies to meet their needs 
(e.g., a small turbine and a solar panel). 

Evaluating Your Home o,- School for Sola,· and Wmd 
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Wind Power for Your Home (or School)? 
(continued) 

Going Further 
The blades of a wind generator arc located many feet above the ground, so there are obvious limitations 
with making wind measurements at ground level. Trees, buildings, and other structures slow down wind 
speed. At higher elevations wind can blow more freely (generally wind speed increases 10 percent each 
time the height above ground is doubled). Usually measurements for wind speed are taken about 33 feet 
(10 m) above the ground. Following is a simplified version of an equation you can use to estimate what the 
wind speed you calculated at ground level would be at a higher elevation. 

Vo 
V 
0.14 

Ho 
H 

= 
= 
= 

= 
= 

the wind speed at the original height 

the wind speed at the new height 
the surface roughness exponent (This exponent varies depending on the number of obstacles 
present, ranging from 0.10 for flat surfaces such as ice to .25 in suburbs and woodlands. For 
general purposes 0.14 is used.) 
the original height; for example, 3 feet (.9 m) above the ground 

the new height, such as 33 feet (10 m) 

How does this new value affect the size and number of generators you'll need? 

NOTE: The table, Wind Speed Adjustment Factors, has figured out the [(H/H0 }°" ] portion of the formu
la for you. For example, if you measure wind speed (V0) at a height of four feet and want to calculate the 
wind speed at 33 feet, replace (H/H0 )"" with 1.322 (found at intersection of the row labeled 4.0 feet and col
umn titled 33 feet on the table). Then multiply V0 by 1.322 to find the new wind speed (V). 

Wind Speed Adjustment Factors 
New Height: feet (meters) 

Original Height 

10 15 20 25 30 33* 35 40 45 50 
feet meters (3.0) (4.6) (6.1) (7.6) (9.1) (10.0) (10. 7) (12.2) (13.7) (15.2) 
2.0 0.6 I .253 1.326 1.380 I .424 1.461 1.481 1.493 1.521 1.546 1.569 

2.5 0.8 l.214 1.285 1.338 1.380 1.416 1.435 1.447 1.474 1.499 l.521 

3.0 0.9 1.184 1.253 l.304 1.346 1.380 l.399 l.410 L437 1.461 1.483 

3.5 I.I 1.158 1.226 1.276 I .317 1.351 1.369 1.380 1.406 1.430 1.451 

4.0 1.2 1.137 1.203 I .253 1.292 1.326 1.344 1.355 l.380 1.403 1.424 

4.5 1.4 I.I I 8 I. 184 1.232 1.271 l.304 1.322 1.333 l.358 1.380 1.40 I 

5.0 1.5 1.102 1.166 1.214 1.253 1.285 1.302 l.313 l.338 1.360 1.380 

5.5 1.7 1.087 1.151 1.198 1.236 1.268 1.285 1.296 1.320 1.342 1.362 

6.0 1.8 I .074 I. I 37 1.184 1.221 1.253 1.270 1.280 l.304 1.326 1.346 

*measurements for wmd speeds arc usually made about 33 feet (10 meters) above the ground. 
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Wind Power for Your Home (or School)? 
(continued) 

Data Table 1 
Time Angle of fishing line 

Mon Tues Wed Thur Fri 

8:00 AM 

12:00 PM 

(noon) Data Table 2 
4:00 PM Angle fishing line Wind speed 

makes with protractor (mph) 

8:00 PM 90 0.0 
85 5.8 

Average angle 80 8.2 
of fishing line 75 IO. I 
for each day 70 l l.8 

65 13.4 

Average angle 
of fishing line 
for the week 

60 14.9 
55 16.4 
50 18.6 

Wind speed 45 19.5 
indicated by 40 21.3 
average angle: 35 23.4 
See Data Table 2 30 25.7 

25 28.6 
20 32.4 

Data Table 3 

Amount of electricity used during one year: ___ kWh/year 

or 

Amount of electricity used during one month: ____ kWh/month 
NOTE: Multiply this figure by 12. (This is a ve,y rough approximation of what the Estimated Annual Electricity 
Output from the Wind in Thousand kWh for One Year would be. In reality, energy use varies greatly during the · 
seasons because of differences in heating and other energy uses. Another approach is to divide the values in Data 
Table 4 by 12 to provide rough approximations of"estimatcd monthly electricity output for the wind in thousand 
kWh for one month.") 

or 

Average amount of electricity used by Wisconsin residents during 1995: 8,650 kWh 

£·.·.:!_:.tin;; V-:_:...::· Ho•f'tf"" v:· 5-::!:0:,l '-· .:>v'..,r ... ,q '"'';,:;. 
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Average 
Wind 
Speed 
(mph) 

9 
IO 
I I 
12 
13 
14 
15 
16 
17 
18 
19 

Win_d Power for Your Ho1ne (or Scl1ool)? 
(continued) 

Data Table 4 
Estimated Annual Electricity Output from the Wind in Thousand kWh/year 

Rotor Diameter (feet) 

3.3 4.9 6.6 9.8 13.1 16.4 19.7 23.0 

0.1 0.3 0.6 1.3 2.3 3.7 5.3 7.2 
0.2 0.5 0.8 1.8 3.2 5.0 7.2 10.0 
0.2 0.5 1.0 2.2 3.8 6.0 8.6 12.0 
0.3 0.7 1.2 2.8 5.0 7.8 I 1.0 15.0 
0.3 0.7 1.3 3.0 5.3 8.3 12.0 16.0 
0.4 0.8 1.5 3.4 6.0 9.0 13.0 18.0 
0.4 0.9 1.6 3.5 6.2 10. 14.0 19.0 
0.4 1.0 1.8 4.0 7.1 11.0 16.0 22.0 
0.4 1.0 1.7 3.8 6.8 I 1.0 15.0 21.0 
0.5 I.I 2.0 4.5 8.1 13.0 18.0 25.0 
0.6 1.3 2.4 5.3 9.0 I 5.0 21.0 29.0 

Data Table 5 

Rotor Diameter of Wind Ge~erator(s) Needed to Supply Electricity for average kWh for one year 

M 96 

For the average \Vind speed you determined: ____________ _ 

For the average annual wind speed: _______________ _ 

166 

EvaluJ.ting Your Home or School foe Sotii- and Wind 
Enecgy 



Energy Futures 

M 54 

Su1nmary 
Students analyze trends of energy use in Wisconsin, explore 
consequences of these trends by using a Futures Wheel and use 
scenario writing to envision a plan that addresses these effects. 

Activity adapted from Th~mas, John W. "Creating Forecasts From Trends" p. 71 and "Future Wheel" 
p. 145 in Mahing Changes. Palm Springs, Calif.: 1981. Used with permission. All rights reserved. 

Objectives 
Students will be able to 

interpret a variety of graphed 
trends about energy; 
develop forecasts based on 
these trends; 
use a Futures Wheel to pro
ject needs and consequences 
of energy use practices; 
create a scenario that envi
sions possible effects of ener
gy use; and 
predict how scientific, techno
logical, and social changes 
will influence future resource 
availability. 

Rationale 
Using future studies helps stu
dents evaluate how their actions 
affect the quality of life and the 
environment of their community, 
their nation, and the world. 

Materials 
Copies or overhead trans
parencies of the following: 

Get Ready for Another 
Oil Shoch (optional) 
Oil Supplies-Are We 
Really Running Out of 
Oil? (optional) 
Simple Trends 
Creating Forecasts 
from Trends 
Automobile Production 
Wisconsin End Use 
Energy Consumption, 
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by Type of Fuel, 19 70-
1995 
What Are the Prospects 
for Oil Supplies and So 
What? 
Effects of Electric-Pow
ered-Cars 
"Facts about Future 
Energy Resources" 

Paper and writing utensils 

Background 
"Demand for oil will exceed pro
duction by the year 2010 ... " 
"Global warming will melt ice 
caps and cause ocean levels to 
rise ... " 
"The fuel cell is the answer to our 
future energy needs." 

These are just a few of the mes
sages many of us have heard 
regarding energy and the future. 
Often the messages are conflict
ing. For example, other sources 
tell us that oil supplies will be 
plentiful for the next 100 years 
and that global warming is an 
unfounded theory. In light of such 
extremes, what is the purpose of 
making these predictions and 
how should we react to them? 

Envisioning the consequences of 
current events helps us become 
aware of our alternatives. Once 
the possibilities are identified, we 
can try to make the desired 
prospects become realities and 



prevent the undesired outcomes 
from ever being realized. There
fore, the purpose of making these 
predictions is to help us take 
steps toward creating a positive 
future for ourselves and future 
generations. 

Professionals who envision future 
possibilities are often called 
futurists. They are scientists, 
scholars, government officials, 
business leaders, etc. The main 
goal for futurists is to explore the 
many possibilities of the future in 
order to understand various 
opportunities and challenges that 
may lie ahead. Their research 
involves looking at apparent 
trends as well as envisioning 
unintended, unknown, and 
delayed consequences of current 
and future events. 

Futurists _use a variety of 
research and investigation strate
gies. These include trend analysis 
and extrapolation, creation of sce
narios,.model design, and simula
tions. Futurists consult experts in 
various fields to ensure their pro
jections present the most realistic 
and accurate viewpoints. Obvi
ously, the futurists' projections 
will be influenced by the outlook 
of experts. 

No matter how carefully futurists 
research the facts, they are still 
talking about the future. Unfore
seen changes and events will 
occur. Being right or wrong is not 
the main concern of futurists. 
Their aim is to present possible 
scenarios to help people be more 
prepared. 

Almost every aspect of our soci
ety, including enet·gy, has been 
scrutinized by futurists. Energy 
itself has many facct.s that can be 

Energy Futures 

Energy Trends 

The following is an analysis of several energy-related trends made by the 
World watch Institute in 1996. We gain insight to potential effects of trends 
by looking into the past and comparing trends of yesterday with realities of 
today. We can use these trends to help us make decisions about our current 
and future use of energy. Which trends should we promote and which should 
we try to avoid or prevent? The choice is ours. 

Fossil Fuel Production and Global Wanning 
In 1995, the production of oil, coal, and natural gas each expanded by rough
ly one percent, but even this small gain was enough to push carbon emissions 
to nearly 6.1 billion tons, breaking the prnvious record of just over G.0 billion 
tons set in 1991. Carbon dioxide is the primary greenhouse gas that some sci
entists assert contributes to climate change by accumulating in the atmos
phere and trapping the sun's heat. Although much of the carbon we generate 
is utilized by photosynthetic organisms in the forests and oceans, about half 
remains in the atmosphere. 

Some scientists argue that trends in increasing global temperatures provide 
evidence that carbon emissions are affecting world climates. The average 
global temperature in 1995 reached 15.39 degrees Celsius (59. 70 °F), break
ing the previous mark of 15.38 degrees (59.68 °F) in 1990. Perhaps more 
important than this single-year record is additional evidence of a rising tem
perature trend since the late seventies. The ten warmest years in the last 
130 have all occurred in the 1980s and the three warmest years were in the 
1990s. With atmospheric concentrations of heat-trapping carbon dioxide 
moving to a new high each year, continuing temperatut·e increases arc often 
projected. 

Firewood Harvesting 
The forests that once blanketed more than 40 percent of Earth's land surface 
now cover only 27 percent of it. Most of the loss occuned after 1950. Fi1·ewood 
gathering is one action that contributed to this loss (others include clearing 
for farming and logging). 

Acid Rain 
Another threat to forests, as well as to other ecosystems such as freshwater 
environments, is the acid rain associated with emissions of sulfur and 
nitrous oxides from the burning of fossil fuels. In 1993, world emissions of 
sulfur fell by 500,000 tons, while those of nitrogen rose by 200,000 tons. With 
emissions of each gas more or less leveling off since 1989, the wodd may have 
seen the end of growth in sulfur and nitrogen pollution. Use of cleaner burn
ing fuels and scrubbers and other cleaning technologies have helped reduce 
these emissions. Future emission trends depend on whethc1· developing 
countries such as China and India use cleaner technologies. 

(conlin ucd on n('.1..·t page) 

explored. For example, how we 
develop and use energy resources 
will influence lifestyles, the quali
ty of the environment, health, 
and relationships among nations 
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(sec Energy Trends). The deple
tion of nonrenewable energy 
resources and the effect this will 
have on our society is a much 
debated topic among futu1·ists. 
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Energy Trends (continued) 

Production and Sales of Automobiles 
The production of automobiles, the use of which accounts for much of the 
growth in oil product.ion, increased by one percent in 1995, almost regaining 
the 1990 historical high of just over 36 million. This dramatic increase in pro
duction and sales of automobiles raises serious health and environmental 
concerns. Many urban centers already have critical levels of air pollution, 
congestion, and noise. The automotive expansion will not only make these 
problems worse, it will also increase carbon emissions, possibly contributing 
to global climate change. 

Renewable Energy Resources 
As concern escalates regarding the effects of global warming and associated 
environmental problems, the pressure to shift to energy sources that do not 
disrupt climate intensifies. More and more international development agen
cies and national governments supporting this shift. For example, in 1995, 
the harnessing of renewable energy was growing by leaps and bounds world
wide. Wind electric generation expanded by a phenomenal 33 percent and 
shipments of photO\·oltaic cells grew by 17 percent. While the 1,290 
megawatts of new wind generating capacity in 1995 is still below the 2,000 
megawatts of nuclear capacity, the gap has narrowed dramatically. It is like
ly that the growth in wind will eclipse that of nuclear power before the end 
of this decade. 

People Riding Bicycles 
Growth of bicycle production reached ll 4 million in 1995. The boom in bicy
cle manufacturing pro\·ides encouraging evidence of the growing demand for 
this energy-efficient transport vehicle. This growth, continuing a trend under 
way since 1969, reflects the bicycle's continuing popularity as an inexpensive 
and reliable form of transportation. 

Energy Efficiency (Compact Florescents) 
Another encouraging development is the growth in sales of highly efficient 
compact fluorescent lamps to 240 million in 1995, an expansion of 15 percent. 
These light bulbs use only one-fourth as much electricity as traditional bulbs 
and last ten times as long. Most people get their electricity through the com
bustion of fossil fuels, such as coal. Since compact florescents use less 
energy, they are a key technology for reducing carbon emissions. 

Because our society depends so 
heavily on oil, this resource often 
receives the most attention. 

The articles Get Ready for 
Another Oil Shoch and Oil 
Supplies-Are We Really Run
ning Out of Oil? provide two 
viewpoints about petroleum sup
plies. Both articles provide argu
ments lo support their views. 
While futurists analyze both art.i-
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cles for bias and validity, they 
also explore consequences of both 
projections. Then planners and 
managers decide how they wish 
to address the futurists' forecast
cd outcomes. 

All of us at one time or another 
consider what the future may 
bring. We weigh the options, ask 
others what they think might 
happen, and imagine best and 
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worst case scenarios. Having done 
this, we can prepare for the worst 
but plan (and hope) for the best. 
The same holds true for thinking 
about energy and the future. For 
example, when considering the 
future of energy resources, futur
ists might ask, "What are the 
worst and best case scenarios?" 
By studying current trends and 
envisioning future possibilities, 
we can begin to take actions now 
that will prevent the worst sce
nario and promote the best. 

Procedure 
NOTE: There are limitless issues 
regarding energy development 
and use in our future. This activi
ty focuses on just a few_ Students 
may be interested in applying 
some of these future studies tools 
to different energy topics, or to 
help develop their own personal 
energy use plan. In addition, 
there are other tools futurists use 
to study possible future events 
(e.g., Cross-impact Matrix, Trees 
of Impact, Problem-Solving Tech
niques, Delphi Surveys, etc.). Sec 
Resources. 

Orientation 
Ask students about graphing they 
have done in mathematics and 
other classes, and have them list 
reasons for presenting data in 
graphs. One reason should be 
that graphs help us recognize 
trends. Trend analysis involves 
looking at current and past data 
and making observations (see 
Trend Analysis). If we try to use 
the data to guess what will hap
pen next, we arc making an 
extrapolation or projection (see 
Trend Extrapolation). 

Share Simple Trends with stu
dents and have them make ohscr-
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vations and projections. They can 
also read Creating Forecasts 
from Trends and complete the 
Automobile Production activity 
sheet. 

Help students understand that 
although they are based on care
ful analysis, forecasts arc only 
educated guesses and could be 

Answers to Questions 
about Simple Trends 

1. Trend C shows a steady 
decrease. 

2. Trend E shows an increase, 
then a leveling off. 

3. Trend F shows a slow 
increase, then rapid growth. 

4. Trend A shows no change or a 
continuous level. 

5. Trend D shows an overall 
increase with many fluctua
tions. Other events that may 
produce a similar trend 
include the stock market 
prices, seasonal park atten
dance, and number of 
absences from school in June. 

Answers to Automobile 
Production 

1. Improved road beds and an 
increased interest in bicycles 
(a and c) would probably 
result in a decrease. The 
answer is b. 

2. All three developments (a, Ii, 
and c) might explain the 
decrease. Therefore, the 
answer is d. 

3. Forecast Dis unlikely because 
it is unlikely for any enter
prise to die out completely. 

4. Answers will vary. 
5. Nations dependent on oil from 

the middle east began looking 
for other sources. The price of 
oil went down. Dl'mand for 
automobiles increased. 

G. Answers will vat·)'. 

wrong. Most people have dressed 
for rain based on a weather fore
cast, only to find that the sun 
shone all day. The meteorologist 
didn't necessarily make a wrong 
forecast. Unforeseen events, such 
as changes in wind direction, 
occurred. 

Discuss and have students list 
reasons why people make fore
casts about the future. For exam
ple, why do people want to know 
what the weather will be like? 
Students should recognize that 
projections help people make deci
sions and plans. 

Ask students if they have thought 
about energy and the future. Stu
dents may be familiar with a 
variety of concerns related to 
energy, such as running out of 
fuel, the greenhouse effect caused 
by buildup of carbon gases, dis
covery of new fuel sources, etc. 
(see Getting Ready). 

Steps 
1. Inform students that graphs 

are used to analyze a variety 
of trends associated with 
energy development and use. 
Show an overhead trans
parency or copies of the 
graph of Wisconsin End Use 
Energy Consumption, by 
Type of Fuel, 1970-1995. 
Have students interpret the 
graph. 

2. Share the "Summary" made 
the by Wisconsin Energy 
Bureau. Have students com
pare their interpretations. 

3. Ask students how they would 
extrapolate or make a fore
cast based on the graph. 
Focus on one resource, such 
as oi I. 
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4. Share the two articles, Get 
Ready for Another Oil 
Shoch and Oil Supplies
Arc We Really Running 
Out of Oil? and have stu
dents summarize the differ
ent viewpoints about oil 
reserves and projected avail
ability. Students may also 
analyze the articles for bias 
and accuracy. (For example, 
what experience does the 
author have? What agency 
docs he or she represent?) 

5. Ask students to consider 
future implications based on 
the data from one article and 
then the other. Help students 
consider a possible effect of 
decreasing oil supplies, by 
reading some of the observa
tions made by the Wisconsin 
Department of Natural 
Resources (DNR) in 1990 
about projected oil availabili
ty (see What Arc the 
Prospects for Oil Supplies 
and So What). Focus on one 
observation, such as 
increased gasoline prices. 
Have students consider some 
implications of higher gas 
costs. Share the implications 
(the "So Whats") provided by 
the DNR. How do they com
pare? 

G. Inform students that in addi
tion to trend analysis and 
projection, there are other 
methods used to help people 
consider broader implications 
of possible future scenarios. 
Paraphrase the information 
from Creating a Futures 
vVhccl and show a sample 
Futures Wheel such as 
L1fccts of Electric-Powered 
Cars. 
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7. Work with the class to make 
a Futures Wheel composed of 
some of the implications of 
either plentiful or reduced oil 
supplies, or both. An option is 
to make this a small group 
assignment where half of the 
groups make a Futures 
Wheel that pertains to 
reduced oil supplies and the 
other half make a Futures 
Wheel for plentiful oil sup
plies. Ask students to inter
pret and compare the two 
vers10ns. 

8. Refer to the Orientation for 
reasons why people make 
future projections (to plan 
and prepare for consequences 
of current events). Tell stu
dents they will have an 
opportunity to be future plan
ners. Have students select 
one aspect from one of the 
Futures Wheels that affects 
their community. The aspect 
can be something about the 
future that is good and they'd 
want to support, or some
thing that could cause a prob
lem. For example, could their 
focus be higher gasoline 
prices affecting how people 
travel? 

9. Use brainstorming strategies 
with the class to generate a 

· list of ideas to resolve or 
address this problem or to 
support the outcome if it has 
positive implications. If 
necessary, review the 
suggestions for productive 
brainstorming (see "Basic 
Brainstorming"). Encourage 
students to think about a 
variety of options (see "Facts 
about Future Energy 
Resources"). If time allows. 
students can look for infor-
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mation about some of the 
ideas they generated (e.g., 
alternative fuels, advanced 
oil exploration techniques, 
electric vehicles). 

10. Divide the class into groups of 
two to four students. Have 
each group devise a plan for 
their community and write a 
scenario that describes it and 
envisions what would happen 
if the plan were implement
ed. Students can also draw 
maps and use other graphics 
to illustrate their plan (see A 
Primer for Scenario Writ
ing). For example, if they 
brainstormed ideas to 
address problems associated 
with increasing gasoline 
prices, they could design a 
community that promotes 
mass transit and has carports 
that plug into photovoltaic 
solar panel systems. Depend
ing on time and expectations 
for this plan, students can 
draft an idea in class or con
sult city planners, the local 
office of the Department of 
Motor Vehicles, energy 
resource managers, and other 
experts to provide insight. 

Closure 
Have groups present their scenar
ios to the class. Discuss similari
ties and differences among the 
plans. Students may want to com
pile their ideas into one master 
plan. For further scrutiny, they 
can place their solution in the 
center of a Futures Wheel and 
consider other consequences (see 
/\sscssment). 

Assess1nent 
Fonnalive 

Did students properly analyze 
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the simple trends and evalu
ate trend projections? 
Were students able to make 
rational projections of oil con
sumption trends in Wiscon
sin? 
How extensively and thought
fully did students develop 
their Futures Wheel? 
Did students create plans 
that appropriately addressed 
a future consequence of ener
gy use? 
How well did their scenario 
explore and envision possible 
outcomes of the plan imple
mentation? 

Summative 
Have students create a 
Futures Wheel that investi
gates possible consequences 
and effects of their plan's 
implementation. Check to see 
that the contents of the wheel 
explores possible effects of 
their plan. 
Encourage students to find a 
local energy-related topic and 
apply skills used in this activ
ity to present a plan to those 
who are involved in finding a 
solution. 

Resources 
For Teachers 
Brown, Lester R., Christopher 
Flavin, and Hal Kane. Vital 
Signs: 1996. New York: W.W. 
Norton and Co., Inc., 1996. 

Brown, Lester R., Hal Kane, and 
Ed Ayres. Vital Signs: 1993. New 
York: W.W. Norton and Co., Inc., 
1993. 

Films for the Humanities and Sci
ences. New Energy Sources. 
Princeton, N.J.: Films for the 
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Humanities and Sciences, 23 min. 
1995. Videocassette. 

Hawkhill Associates, Inc. Energy 
and Society-Future Quest. 
Madison, Wisc.: Hawkhill Associ
ates, 33 min. n.d. Videocassette. 

MediCinema, Ltd. "It All Adds 
Up" and "Community Energy 
Planning" in part three of Energy, 
The Pulse of Life: Energy Choices. 
Toronto: MediCinema, Ltd., 1995. 
Videocassette. 

Sisk, Dorothy and Charles E. 
Whaley. The Futures Primer for 
Classroom Teachers. New York: 
Trillium Press, 1987. 

U.S. Department of Energy. 
Tomorrow's Energy Today. Merri
field, Va.: U.S. Department of 
Energy, National Renewable 
Energy Laboratory, 23 min. 1993. 
Videocassette. 

U.S. Department of Energy. 
Tomorrow's Energy Today: The 
Energy Efficiency Option. Merri
field, Va.: U.S. Department of 
Energy, National Renewable 
Energy Laboratory, 26 min., 
1993. Videocassette. 

Wisconsin Department of Admin
istration, Division of Energy and 
Intergovernmental Relations, 
Energy Bureau. Wisconsin Energy 
Statistics-1996. Madison, Wisc.: 
Wisconsin Department of 
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Administration, Energy Bureau, 
1996. WEB/DA: 031. 

Complementary Activities 
Hass, John D. Teaching about 
The Future. Denver, Colo.: Social 
Science Education Consortium 
and Center for Teaching Interna
tional Relations, 1987. 

Thomas, John W. Mahing 
Changes: A Futures-Oriented 
Course in Inventive Problem Solv
ing. Teacher's Guide and Student 
Lesson Booh. Palm Springs, 
Calif.: ETC Publications, 1981. 

Whaley, Charles E. and Helen F. 
Whaley. Future Images: Future 
Studies for Grades 4 to 12. New 
York: Trillium Press, 1986. 

For Students 
American Petroleum Institute. 
Oil Supplies-Are We Really Run
ning Out of Oil? Online Internet. 
Available January 1997. HTTP: 
http://www.api.org/news/oilsup.html 

I van hoe, L. F. "Get Ready for 
Another Oil Shock!" The Futurist 
31, no. 1 (1997): 20-23. 

McKenzie, James, J. "Heading Off 
the Permanent Oil Crisis," Issues 
in Science and Technology 12, no. 
2 (1996): 48-54. 

Mobil Oil Corporation. Running 
Out of Oil? Online Internet. 
Available January 1997. HTTP: 
http://www.mobil.com/pa/advoca
cy/hid_tags/opedl.html 

Credits 
The Futures Wheel adapted from Haas, John. 
"The Futures Wheel" pp. 35-37 in Teaching 
About the Future. Boulder: Social Science Educa
tion Consortium, Inc. and Center for Teaching 
International Relations, 1987. Used with per
mission. All rights reserved. 

Background condensed from Brown, Lester. 
"Overview: An Age of Discontinuity" p. 15 in 
Vital Statistics 1993. Washington D.C.: World 
Watch Institute, 1993 and Brown, Lester. 
"Overview: A Record-Setting Year'· pp. 15-19 in 
Vital Statistics 1996. Washington D.C.: World 
Watch Institute, 1996. Used with permission. 
All rights reserved. 

Use this activity lo extend and enrich many of the concepts JJl"esented in other ac(ivilies in lhe guide. Some activi
ties that work particularly well include "Digging for Coal," "The Energy Divide," "Dealing with Nuclear Waste," 
"The Public Service Commission: Ilegulating Wisconsin's Utilities," and "Get Thal Gasoline'" Several of the 
Investigation Ideas provide suggestions for alternative topics that can he used with this activity. 
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Get Ready for Another Oil Sl1ock 
Condensed from Ivanhoe, L.F. "Get Heady for Another Oil Shock!" 11,e Fulurisl 31, no. I (1997): 20-24. Used with permission. All rights reserved. 

L. F. Ivanhoe is a geologist, geophysicist, engineer, oceanographer, and president of an international energy exploration consulting firm. 

After the oil crises of the 1970s, petroleum short
ages disappeared and prices stabilized. The world 
stopped worrying about oil, but the grim fact 
remains that the world's petroleum reserves are 
limited, and they are rapidly being used up. 

Most of the world's large, economically viable oil 
fields have already been found, so a permanent oil 
shock is inevitable early in the next century. More 
Europeans than Americans are aware of this. 

The question is not whether, but when world crude 
oil productivity will start to decline, ushering in the 
permanent oil shock era. Some believe we have 
enough to last another 50 years at present rates. 
I disagree: Most of the large exploration targets for 
oil supply have been found, at the same time that 
the world's population (and, along with it, demand 
for energy) is exploding. 

l\1odern Petroleum Technology 
The latest phase of petroleum exploration began 
with the introduction of 3-D digital seismic methods 
in the late 1970s. Unfortunately, despite intense 
efforts by all of the world's oil companies, only a few 
of the new major fields promised by their geologists 
were actually found. 

The world is finite. The 1,311 known major and 
giant oil fields contain 94% of the world's known oil 
and are accordingly the most critical for future glob
al oil supplies. The peak global oil finding year was 
1962. Since then, the global discovery rate has 
dropped sharply in all regions. 

Reserves vs. Resources 
There is a great deal of disagreement on the issue of 
future oil supply; one reason is that there is confu
sion among the terms used, such as active and inac
tive reserves, known and unknown resources, etc. 
Like the mining term ore, oil reserves arc by defini
tion economic or profitable. Oil resources, converse
ly, are less tangible. Two useful oil business terms 
arc: 

Reserves--cngineers' (conservative) opinions of 
how much oil is known to be producible, within 
a known time, with known techniques, at known 
costs, and in known fields. Conservative 
bankers will loan money on reserves. 
Resources-geologists' (optimistic) opinions of 
all undiscovered oil theoretically present in an 
area. Conservative bankers will not loan money 
on resources. 

Petroleum explorers must find-and then petroleum 
engineers convert-theoretical resources into pro
ducible reserves. Government agencies and academ
ic scientists tend to estimate resources; whereas, 
industrial/oil companies appraise only reserves. The 
public, using its own money to buy gasoline, is 
interested in producible reserves, not in theoretical 
resources. 

Political Reserves 
All government petroleum ministries have an inher
ent interest in announcing the "good news" of large 
national hydrocarbon reserves, inasmuch as large 
reserves are useful for national political prestige 
and in negotiations for OPEC production quotas, 
World Bank loans and grants, etc. Sudden unsub
stantiated reserve increases announced by any 
government ministry should be viewed with consid
erable skepticism. They may be mostly the puffery 
of "political reserves" that will increase a nation's 
paper reserves but have no effect on ultimate oil 
production. 

Political reserves tend to lull the public, politicians, 
and stockbrokers into complacency. But the critical 
numbers are U.S. and world oil production and new 
oil field discoveries in recent years, and these num
bers are not encouraging. A major problem is that 
planners base their forecasts on what amounts to 
political reserves-numbers that are fudged (acci
dentally or intentionally) by the oil ministries 
responsible for providing statistics to international 
bodies 
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Get Ready for Another Oil SI1ock 
(continued) 

There is no way to check on the accuracy of foreign 
reports. To many foreign ministries, the Oil and 
Gas Journals (O&GJ) requests for reserve data is 
either a sensitive state secret or a nuisance chore no 
one is critically concerned about. Due to ignorance 
or lack of guidance, a common answer is "same as 
last year." 

Shocks and Aftershocks 
By the year 2000, global population will be 50% 
greater than in 1975, with a corresponding increase 
in demand for crude oil. The industrializing coun
tries (China, India, etc.) will soon become hard com
petitors with Western nations for world crude 
exports. It is reluctantly concluded from the United 
States Geological Survey's global discovery statistics 
that the world's total oil production might peak 
about the year 2010, after which the normal decline 
of the world's oil fields will take over. By 2050, oil 
production will be a small fraction of today's bounty. 

The critical date is when global public demand will 
. substantially exceed the available supply from the 
few Persian Gulf Moslem oil exporters. The perma
nent global oil shortage will begin when the world's 
oil demand exceeds global production-i.e., about 
2010 if normal oil-fields decline occurs, or as early 
as 2000 if the world's key oil producer, Saudi Ara
bia, has serious political problems that curtail its 
exports. World oil production will thereafter contin
ue to decline at a dwindling rate. 

Thus the question is not whether, but when, the 
foreseeable permanent oil crunch will occur. This 
next paralyzing and permanent oil shock will not be 
solved by any redistribution patterns or by economic 
cleverness, because it will b.!! a consequence of pend
ing and inexorable depletion of the world's conven
tional crude oil supply. Few economists can bring 
themselves to accept that the global oil supply is 
geologically finite. The global price of oil after the 
supply crunch should follow the simplest economic 
law of supply and demand: There will be a major 
increase in crude oil and all other fuels' prices, 
accompanied by global hyperinOation, rationing, etc. 

After the associated economic implosion, many of 
the world's developed societies may look like today's 
Russia. The United States may be competing with 
China for every tanker of oil, with the Persian Gulf 
oil exporters preferring Chinese rockets to American 
paper dollars for their oil. The economic and social 
ramifications of the coming oil shock will require 

· serious planning worldwide. 
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Oil Supplies-Are We Really Running 
Out of Oil? (continued) 

Such advances are crucial to the life span of the 
world's oil supply, because every one percent 
increase in the industry's average recovery rate can 
add between GO billion and 80 billion barrels to 
resource estimates. That's enough to last three to 
four years, based on current rates of consumption. 

And, if economically feasible ways to extract and 
refine unconventional sources of oil are found, our 
oil supply could be extended for hundreds of years. 
A large part of the world's remaining resources is 
found in the form of oil shales, heavy and extra 
heavy oils and bitumins. These unconventional 
resources are equal in volume to ten times the 
amount of recoverable conventional oil resources 
that remain. 

Challenges Are Ahead 
The good news is that world oil resources are abun
dant, and, if anything, are likely to become more so 
with new discoveries and changes in technology. 
However, major new investment will be needed to 
translate this potential into production-and, in 
most of the world's largest producing countries, 
there has been stagnation or deterioration in the 
investment climate. That's because, at home as well 
as abroad, barriers stand in the way of full resource 
extraction. 

At home, the area that has been called "the best sin
gle opportunity to increase significantly domestic oil 
production" by the U.S. Department of the Interior 
-the coastal plain of the Arctic National Wildlife 
Refuge-is closed to drilling, despite the fact that 
the department found that there is a 4G-percent 
chance of discovering economically recoverable oil, 
possibly totaling several billion barrels. 

And internationally, institutional and other barriers 
threaten the realization of full production potential. 
For example, in Russia, ambiguous property rights 
and political turmoil add risks. Oil developed in the 
newly independent states of the former Soviet 
Union must be transported through volatile or polit
ically hostile territory in order to reach its destina
tion. 

Political volatility also remains an obstacle to new 
investment in the Middle East. Territorial disputes, 
shifting alliances and issues of succession cloud the 
future of" investments in this crucial region. 
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Trend Analysis 

A trend is a pattern of behavior which occurs over time. Following are four observations that can be made 
before analyzing a trend: 
1. The general direction of the trend: Toward growth or decline? 
2. The rate or intensity of the trend: How fast is the growth or decline occurring~ 
3. The general "balance" of the trend: Toward steady or erratic growth/decline? 
4. The lifetime of the trend: Long- or short-term? 

Trends are analyzed by asking the following questions: 
1. What are the underlying causes that created the trend? 
2. Are those conditions likely to continue in the future? 
3. What new developments (i.e., new technologies) might alter the trend? 
4. Is the trend approaching a saturation point or limit? 
5. Does the trend conflict with some other trend? Which one(s)? 
6. Who (business, government, etc.) does the trend benefit? 
7. Does the trend have potentially harmful consequences or side effects? 
8. Are there likely to be deliberate efforts to halt the trend? 
9. How easily could the trend be changed? 

Trend Extrapolation 

Trend extrapolation is the process of extending an analyzed trend into the future. It represents the major 
methodology used by both the positive and negative extrapolist schools of thought, resulting in vastly dif
ferent forecasts. 

Trend analysis looks to the past, whereas trend extrapolation projects into the future. Trend analysis 
traces a trend to the present date and no further. Trend analysis is a forecasting aid; while trend extrapo
lation yields a forecast. The process of extrapolating a trend into the future as a forecast is based solely on 
the trend's past performance. When you know the background of a trend, the process of extrapolation is a 
simple linear projecLion of that trend into the future based on past characteristics. 

There is one major warning in trend extrapolation: As a forecasting tool it, is only good in the short term. 
Since the extrapolation of a trend is a simple linear projection into the future, it does not consider many 
variables that could change the trend's future characteristics. The further into the future you extrapolate 
the trend, the greater the possibility of a variable changing the trend and making your forecast inaccurate. 

Adapted from Sisk, Dorothy and Charles E. Whaley. '·Trend Analysis" and ~!'rend ExtraJJolation" pJJ. 47-48 in The Futures Primer for Classroom 
1<.•a<"hers. New York: Trillium Pres.s, 1987. Used with pcnnission. All rights reserved. 
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Si1nple Trends 

llecall that trends are patterns of past events. The "pattern" refers to the shape or the slope of the line. 
Trends can take on a variety of patterns, as shown below. 

Time 
A B C 

D E F 

Suppose that each of these trends represents a comparison of traffic over the past 25 years. The vertical 
axis represents amount of traffic and the horizontal axis represents time. 

Answer the following questions. 

1. Which trend shows a steady decrease in traffic? 
2. Which trend shows an increase followed by a leveling off? 
3. Of trends D and F, which shows a steady regular increase over time? 
4. Of trends Band F, which shows a slow growth in the beginning followed by rapid growth later on? 
5. What docs trend A show? 
G. What docs trend D show? Name other events that might exhibit a pattern similar to D. 
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Creating Forecasts from Trends 

Recall that a trend graph gives you a picture of what has occurred in the past. If you wish to forecast what 
will happen in the future, you may begin by extending the line to the date you would like to know about. 

Here's what an extension or continuation looks like: 

Amount 
of 

Something 

60 

50 

40 

30 

20 

1900 1925 1950 

Year 
1975 

Extension 

2000 

Thus, if everything continues the way it has been going, you can expect the increase to continue to the year 
'.2000. But very few trends look like straight lines on a graph. 

Amount 
of 

60 

Something 50 

40 

30 

20 

10 

1900 1925 1950 

Year 

1975 2000 

Where will this line be in the year 20007 How do you extend a trend with a shape like this one? \Vhat you 
can do is make an estimate or an intelligent guess (a forecast). For example, if things continue the way 
they've been going, by the year 2000 there will be somewhere between 50 and GO (amounts of something). 
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Automobile Production 

The difficulty with creating forecasts by extending trends is that situations change. "Surprises" happen 
that change the course of trends. The graph below shows the production of automobiles until the year 1975. 
During the 1970s, the energy crisis--due primarily to a sharp increase in oil prices-contributed to a drop 
in automobile production. Imagine that you have been asked to forecast automobile production through the 
year 1995. Use a ruler to draw a line to see where the extension would go. Do you think this is a sensible 
way to make a forecast in this instance? Why or why not? 

Answer the following questions to analyze possible forecasts. 

Graph I 
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\Vorld Automobile Production, 1950-95 
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1. Which of the following might explain the fore
cast shown in Graph I? (Choose one.) 

a) Railroad travel becomes more extensive, and 
speed of train travel increases 

b) Price of gasoline decreases 

c) More people ride bicycles to work 

d) All of the above 

2. Which of the following might explain the fore
cast shown in Graph 2? (Choose one.) 

a) No increase in highway construction and 
existing highways are jammed 

b) Gasoline-powered cars banned in many sec
tions of the country 

c) Price of gasoline continues to increase 

d) All of the above 
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Automobile Production 
(continued) 

Graph 3 
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3. Why might forecast D in Graph 3 be unlikely? 

4. Which forecast (A, B, C, or D) do you think is 
the most desirable? Why? 

5. Graph 4 shows the actual trend that occurred. 
What do you think contributed to its pattern? 

G. Where do you think the trend will go next? 
Where would you like it, to go? List, some 
changes that could be made to make your most 
desirable forecast, more likely to occur. 

Base graph from American /\u(omohile .Ma11ufactun.:rs Associatirn1 ''\A/orld Auto1110lnl<• Production, 19:)0-B:'i" p. 0:, in Hrov,'11, 1,-(·st,er It, Christopher 
Flavrn, and Hal E:ane \Vorld \Vatch Institu((•_ Vituf Stutislic::. L9.9G. N<·v,, York: \V.\V. No1·t<H1 & Co., l~Jq(i Used with pcr111ission. A!l nf-.!lits f('~<'rvcd 
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Wisconsin End Use Energy Consumption_, 
by Type of Fuel, 1970-1995 
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Su1nmary 

End use energy is a measure of the energy content of fuels at the point of consumption. Since much of the 
energy needed to generate electricity is lost in the generation process, end use energy consumption figures 
will always be lower than the directly linked resource energy consumption figures. End use energy 
increased for all fuel sources except coal in 1995. End use growth was 4.2 percent, led by natural gas that 
increased 8.9 percent, and electricity sales that increased 4.3 percent. Petroleum continued to be the fuel 
used most in Wisconsin. 

From \Visconsin Department of Administration, Division -0f Energy and Intergovernmental Relations, Energy Bureau. H'isconsin Energy Statistics-1996. 
f\1adison, Wisc.: \Visconsin Department of Administration, Division of Energy and Intergovernmental Relations, Energy r3urcau, 199G. \VEJ3/DA: 031. 
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Creating a Futures Wheel 

When futurists forecast that a significant event will occur, they know that event will affect many other fac
tors or events in the society (and perhaps in other countries). Futurists use several tools or techniques to 
assess the effects of a future event. One of these devices is the Futures Wheel. A "Futures Wheel" is a 
method of looking for possible consequences and needs that may result from an event or development. The 
key questions asked are: 

what might be the results if this were true? and 
what might be necessary if this were to happen? 

The dynamics of the Futures Wheel are much like what happens when you drop a large stone into a very 
calm pond. As the stone penetrates the surface of the water, there is a splash and then the displaced water 
flows outward from the point of contact in gradually diminishing ripples (miniature tidal waves across the 
surface of the pond). 

In the Futures Wheel, a single future event is placed at the center of the wheel (usually in a word or 
phrase enclosed in a circle). In the first ring of circles are several-perhaps three to five-direct effects of 
the central event. In succeeding rings are secondary or indirect effects of the central event linked to the fac
tors in the first ring from the center. Every effect is stated in a word or phrase and enclosed in a circle. The 
circles are connected by lines of influence radiating out from the central event. Four or five rings (or more, 
in complicated versions) may extend out from the center circle, all connected by lines of influence or impact. 

Following is one interpretation for the Effects of Electric-Powered Cars Futures Wheel. The first ring 
from the center identifies several things that may be inf1uenced by the eventuality that only electric-pow
ered cars will be in use. The second ring identifies things that are affected by changes to the items in the 
first ring. For example, business travel will be affected by use of electric cars. More people may live near or 
in cities so they don't have to commute so far. 
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Effects of Electric-Powered Cars 
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A Primer for Scenario Writing 
Adapted from Whaley, Charles E. and Helen F. Whaley. "A !'rimer for Scenario Writing" and "Elements of Scenario Writing" pp. 39-40 in F11turc Images: 
Future Studies for Grades 4 lo 12. New York: Trillium Press, 1986. Used with permission. All rights reserved. 

Introduction 
A scenario is a story constructed for enhanced awareness of a particular state of affairs. A noted futurist, 
Herman Kahn, has defined a scenario as "a hypothetical sequence of events constructed for the purpose of 
focusing attention on causal processes and decision points." 

Examining the various links between cause and effect increases people's understanding of how and why a 
particular situation occurred. Past and current decisions regularly produce unseen future consequences, 
Through exploring possible impacts, negative consequences may be avoided and positive results enhanced. 

Scenarios are written from a future point of view looking back to the present. The narrative describes how 
we arrived at the scenario's projected future from our current position by tracing various decisions, options 
chosen, and the cause-effect results of those past decisions. 

Scenario writing is one of the most powerful tools available for exploring alternative futures. It allows for 
the inclusion of realism imagination, comprehensiveness, uncertainty. Most importantly, scenarios allow 
students to examine and shape their value systems as they speculate about future possibilities and their 
impact on various stakeholders. 

The process of scenario writing draws upon divergent, convergent and evaluative thinking, creative writing 
skills, research and information retrieval skills, and planning and forecasting skills. The process is adapt
able to most ages and offers the type of perspective and attitude-building helpful in creating a better 
future. 

A scenario should not be confused with science fiction. Science fiction has a broader range of possibilities, is 
not necessarily tied to a particular past, and is more involved in plot and character. A scenario, in contrast, 
is a careful study of alternatives and their impacts. A scenario allows the developer to create a study of one 
particular future situation, the decisions leading to the situation, and the causal linkages involved. 

Elements of Scenario Writing 
Information generated from other strategics to project the future, such as trend analysis or a Futures 
\Vheel, can be used to help construct the scenario. Certain elements of scenario writing are open-ended. 
Time, for example, is a major variable. The time approximate could be on a near or distant horizon (i.e., 
2010 or 3550). The time span examined could involve one day or several decades. In an expansive time 
frame, a clear incident-time order is necessary so the reader can picture the sequence of events. 

Another variable is the writer's personal point of view or school of thought. Both positive and negative sce
narios have merit. Negative scenarios may lie written to challenge the reader to take action that may avert 
the grim forecast. On the other hand, a positive scenario promises a better quality of life through various 
technological discoveries and actions of various stakeholders. 

Again, the consideration of these factors allows the writer to add clarification and consistency to the 
scenario. Some forcing factors that can inhibit or amplify a trend include social, economic, political, 
ecological, technological, and geopolitical elements. The impact of these six factors may be viewed on many 
different levels. The impact levels to consider could be personal, local, regional, national, global, or galactic. 
Graphic designs and other visual aids, such as videotapes, can be used to further illustrate a scenario. Few 
activities of/'('r such a comprehensive lca1·ni11g prncess as well as a rewarding final product. 

M 72 KEEP Energy Education Activity Guide Enecgy Fuwrcs 

184 



Wl1at Are the Prospects for Oil Supplies 
and So Wl1at? 

From \Visconsin Department of Natural Resources, Trends Analysis Group. Energy & ~Visconsin :') Enuirollmcnl: Trends /Julletin. ScptcmUcr 1990. ~1adi
son, Wisc.: Wisconsin Department of Natural Resources. l'ublication IE-50 90. 

What are the energy-driven implications or challenges presented to Wisconsin residents? In the following 
pages, we'll look at energy sources and energy efficiency. Each source has an "Observations" column on the 
left side of the page matched with "So Whats" on the right side. Observations don't always have "So 
Whats," and sometimes they have more than one. NOTE: These observations are from 1990. 

Oil is the most important source of energy that Wisconsin residents use. Wisconsin industries are not as 
dependent on oil, however. Our cars, buses, trucks, tractors and recreational vehicles are our lives and a 
way to express ourselves. We work and play in them; they are like second homes to some. Oil, therefore, 
has the most impact on us. 

Observations 

I. The US is past its peak in oil 
production. We cannot produce 
all the oil we need forever; we 
must import. By 1995, we'll be 
able to produce only 50 percent 
of our needs within the US, and 
that percentage will drop con
tinually thereafter. We aren't 
likely to find any new giant oil 
fields in this country that yield 
cheap oil. The deep offshore and 
shale oil will be expensive. 

So What 
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Geophysicist M. King Hubbert predicted in 1956 that 80% of all oil ever 
produced in the US would be used between 1934 and 2004. 

Proved oil reserves by region in 1987 (in billions of barrels) 

2. OPEC has oil now and will have oil in 
the future. Oil supply from OPEC will 
never be a certainty due to political 
reasons. 

Canada 7.7 

Energy futures 

Western Europe 
22.'1 

Asia. Australia 
& New Zealand 

19.5 
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Wl1at Are the Prospects for Oil Supplies 
and So Wliat? (continued) 

Observations 

3. Like it or not, global oil trade involves Wiscon
sin directly. Even though the US gets much of 
its oil today from Canada, Venezuela, and Mexi
co, we'll be affected by Mideast problems 
because our trading partners, such as Japan, 
depend on oil from the Mideast. The Alaskan 
reserves will run out or will be too costly to 
extract. 

"Japanese use half as much energy per dollar of 
goods as we (Americans) do. They consumed G21 
gallons of oil per· person in 1989, and we used 
1,0G7." 
-Alan Wood, Pacific Rim expert, Seattle, WA 

4. Increasing oil prices mean less discretionary 
personal income, which has led to economic 
recession in the past. The more oil we import, 
the higher the trade deficit and national debt. 
Oil imports now account for one-quarter of the 
US trade deficit. 

Annual average percent of US oil derived from 
imports 

10)'., 

0% --"========= 
1973 75 77 '79 "81 '83 '85 "87 '89 ·90· 

first 6 months 

Sources: US Dept. of Energy, Energy lnforrnatio Administration 
and Bloomb-Org Financial Markets 

So Whats 

"The energy crisis was never solved, after all it 
was forgotten. Reliance on imported oil which 
supplies about half of the country's needs, is 
again rising even as US reserves fall." 

-William C. Symonds, Time .Magazine's 
energy correspondent 

When oil prices increase, will the current middle 
class-along with its traditional forms of recreation 
such as fishing, hunting and camping---cease to 
exist due to lower discretionary personal income? 
They may be replaced by even greater numbers of 
the current wealthy class. Some national political 
thinkers are already warning of class conflicts. 
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What Are tl1e Prospects for Oil Supplies 
and So What? (continued) 

Observations 

5. New car gas mileage is relatively high at 27 
miles (better than 26.4 in 1983) but the rate of 
improvement probably won't increase soon. 
especially if it's more profitable to produce big 
cars. We've already made the easy gains, and 
our attitude seems to be changing based on cur
rent low oil prices. Now, we're consuming less 
gas, but driving more miles per vehicle per year 
than before. We're breaking even. In the future, 
will we consume less gasoline and reduce miles 
driven? 

"Raising new car fuel economy to 40 miles per 
gallon (16.8 km/1) would reduce American oil 
consumption by 2.8 million barrels per day by 
2005, (saving] more than $2,000 during the life 
of a typical car." 

-Christopher Flavin, Worldwatch Institute 

6. People may be traveling now because they feel 
we're in an energy window and they know that 
gas is cheap (the lowest in 30 years, adjusted for 
inflation). It's a temporary glut that may be fol
lowed by great shortages and big prices. People 
may feel it's now or never, the last gas-guzzling 
fling of the "we generation." 

"Wisconsinites drive their cars 11,529 miles 
(18,446.4 km) a year an average, compared with 
the national figure of 10,119 miles (16,190.4 
km). Wisconsin cars log 18.5 miles per gallon 
(7. 77 km/L), about 1.5 miles (2.4 km) below the 
national average. For the 1989 fiscal year (end
ing June 30, 1990), cars in Wisconsin guzzled 
12.6 million more gallons (47.8 million L) of gas 
than the previous year." 

-Wisconsin Department of" l{evenue 

So Whats 

Will Wisconsin be able to afford to develop big new 
parks or will we have to concentrate on simpler, 
multi-use areas with much less development-green 
areas instead of large parks? In the future, we may 
buy more areas like the Chippewa Flowage and just 
protect them. Forestry has a role to play in provid
ing trees and recreation in urban areas. 

Strapped for funds, the State could also privatize 
some recreational services and charge more user 
fees. Private interests might pay part of the costs of 
development and purchase of recreational lands. 

High travel costs could force us to travel less, per
haps keeping us from distant hunting grounds and 
fishing areas. We'll do even more communication 
through telephones, computer links, and telefaxing. 
We'll make three or four stops per day on trips, 
rather than one or two. There will be cellular com
munications in all vehicles and changes to our car
based, personal contact. District operations, as we 
know them, will be affected by the high cost of 
travel. 

There will be more emphasis on urban fishing 
because it's "closer-to-home." Milwaukee is already 
looking at the river in its backyard for fishing. And 
lake use conflicts will get even worse for the "stay 
close to home" crowd. 

As gas prices go up, will fewer people take camping 
trips to state parks or will more people stay in the 
Midwest rather than traveling nationally? Are these 
contrary trends? And who will buy the big, gas
guzzling RV you want to sell? 

Our relatives used to take one-month trips to Flori
da, New England, and California. We'll have to be 
satisfied with one-day runs to Door County, Milwau
kee, Chicago, the Dells and places closer to home to 
cut costs. Buses and trains may be back in vogue for 
longer trips. Amtrak is already booked fuW 

Harder development choices: Do we build a park 
near Green Bay for RV people or put money into 
northern parks to attract Illinois or other out-of
state people who would otherwise go to Yellowstone 
in Wyoming? 
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PERFORMANCE sTANDAR0AcT1v1TY: Energy Action Plan 

M 124 

Su1nmary 
Students develop an action plan that addresses an issue related 
to energy resource management. The plan can be used as the 
peformance standard for the theme Managing Energy 
Resource Use. 

This project can be assigned at the beginning, middle, or end of a 
unit related to managing energy resource use. It can also be the 
energy unit; by developing the plan, students teach themselves 
and the class about energy resource management practices. Stu
dents can be given class time to develop and implement the plan, 
or do this on their own. Students can gain knowledge and skills 
about management practices through participating in class activi
ties such as those found in KEEP's Energy Education Activity 
Guide. 

Objectives 
Students will be able to 

contrast possible solutiom; to 
an energy-related issue; 
develop an energy action 
plan; 
implement the energy action 
plan to promote positive 
behavior regarding energy 
use, help resolve an energy
related issue, or both; and 
judge the effectiveness of 
their action plan. 

Rationale 
Developing and implementing 
an energy action plan allows 
students to gain first-hand expe
rience in energy resource use 
management. 

Materials 
Materials dependent on the 
project selected. 

Tlw following handouts are avail
able for various project planning 
needs: 

Project Selection Ou ide 
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Decision-A1a1zing Grid for 
Action Ideas 
Project Action Planning 
Form for Teachers and 
Students 
Self-Assessment Question
naire 
Evaluation Criteria 

Background 
Through media and education, 
students arc introduced to a vari
ety of topics related to energy 
resource development and use. 
Some of these topics or effects are 
positive (sanitary living condi
tions, convenient lifestyles) while 
some are negative (air pollution, 
resource depiction). Sometimes 
negative effects seem overwhelm
ing and many students think 
there is nothing they can do to 
lessen them. Students become 
empowered when they learn 
strategics that enable them to 
make positive contributions. 
Acquiring tlwsc management 
skills is the purpose of the theme 
.Managin.~ Enc1·g·y Resou1-cc 

Us<•. 



People decide to take action 
regarding effects of energy 
resource development and use for 
a variety of reasons. Beliefs, val
ues, and attitudes arc strong 
motivators. Seeing that other peo
ple are doing something to make 
positive contributions or knowing 
that they will benefit after taking 
action also promotes people to 
become involved. Students and 
teachers gain positive experiences 
from participating in action pro
jects as well (see Benefits for 
Students and Teachers). 

Action projects can be designed to 
promote positive effects of energy 
resource development or use or to 
help improve negative effects. 
People can become involved in 
managing energy resources or 
taking actions in a variety of 
ways. Six common citizen action 
strategies include education, per
suasion, economic action, political 
action, ecomanagemcnt, and legal 
action (sec Action Strategies). 
Student projects can utilize one 
or a combination of these 
approaches. 

When students arc contemplating 
a project, they should establish a 
goal and determine objectives. 
The goal is the purpose or intent 
of the project. Objectives arc spe
cific and achievable tasks related 
to accomplishing the goal. The 
specific steps to accomplishing 
the objectives arc the methods. 
An example of a goal is: "To edu
cate people about energy-related 
air-pollution issues." One objec
tive is to survey people to find out 
their currc•nt attitudes and 
lidids. Sctt.ing timclincs and for
mulating a budg('L are intrinsic 
components of a projecl. 

,=~,;c;c: ~-\~!Cc STANDARD ACTIVITY· 
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Benefits for Students and Teachers 

What are the reasons for conducting action prnjects in the classroom? When 
teachers are given time to consider this question, they have a lot to say. Here 
is what one group of teachers.came up with during a workshop on teaching 
environmental issues. 

Benefits for Students 
Young people have concerns about their community, and it is important 
to respond to their concerns and support them. Investigating actual 
problems and making an effort to improve those situations engages stu
dents and motivates them. The process makes learning relevant to their 
lives. 
Going through a process of investigation and action can instill optimism, 
rather than despair about the future. Students should understand the 
seriousness of energy-related problems but also develop a sense of hope 
and commitment to change. 
Considering energy-related issues and their solutions requires students 
to practice and improve skills such as decision making, critical reilec
tion, and problem solving. This is particularly true in the context of 
imperfect or incomplete information. They learn how to apply their skills 
and knowledge and reconsider their opinions as they build their own 
world. 
Studying energy-related issues can empower young people by connecting 
their daily lives and local community with their classroom studies. Their 
actions 111ay help them save 111oney. enhance the health and well-being 
of community members, conserve energy resources_ etc. 

Benefits for Teache1·s 
Energy issues are making headlines. They can attract and hold students' 
interest because they arc current, 1·clevant. critical issues of the times. 
Addressing energy issues involves a variety of activities and learning 
experiences, thus improving the quality of teaching. 
lnvolvement.. in energy action projects develops cooperation and a sense 
of co111111unity among students. 
Effects of energy resource dcvelop111ent and use provide a context for 
interdisciplinary learning. 
A systematic approach to exploring, analyzing, and solving problems 
addn•sses lca1·ning objectives that arc central to education reform. 
The urgency of environment.al deterioration demands that we incorpo
rate environmental issues into the classroorn experience. 

After thoroughly researching the 
issue and deciding upcn an action 
strategy, students will still need 
to consider several factors before 
beginning a project. An action 
analysis criterion can be orga-
11 ized into a checklist to deter
mine if action is warranted and 
appropriate (see Decisio11-l\1ah
inf.{ Grid for Action Ideas). 
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Educators should be aware of con
siderations and needs unique to 
their school a11<l community and 
include these criteria in the 
checklist. 

Is Uw project relevant to the 
objectives of the class? 
Docs ( he project comply with 
policies of the school system 
or organization'/ 
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Action Strategies 

Education involves teaching or informing others about a topic or issue 
related to energy resource use and development. Approaches include the fol
lowing: 

Developing an energy education unit and presenting it to another class 
Producing a play for a community group or the school that presents 
information about the topic 
Writing and printing a newspaper about energy issues, problems, and 
benefits 

Persuasion is employed when a person or a group tries to convince people 
to support a certain course of action. Examples of persuasion action projects 
include the following: 

Writing and presenting speeches about energy issues during a school 
event, such as Earth Day 
Creating and performing a play intended to encourage people to con
serve energy 
Designing posters and flyers that urge local businesses to start a recy
cling program in the office 
Conducting a debate in school about the school's heating fuel choice 
Writing a letter to the editor of a newspaper promoting renewable ener
gy resources 

Econornic Action involves trying to have an impact on an issue through the 
ma,·ketplace, by making a point of purchasing or boycotting a product. Stu
dents can also raise money and make a financial contribution to support the 
resolution of issues. Examples of this approach to citizen action include the 
following: 

Conducting a fund-raiser that involves designing and selling energy effi
cient products, such as crafts from recycled materials 
Refusing to buy products that are over-packaged or have nonrecyclable 
containers 
Raising money and donating it to a nonprofit 0t·ganization that promotes 
wise energy use 
Writing a grant or contacting a funding sotu-ce to suppo1·t an energy 
management project 

(continued on next pagd 

How docs the project fit into 
the curriculum? 
What arc the interdiscipli
nary connections? 
Will student motivation and 
ownership be generated? 
Will the project include a 
diversity of learning tech
niques? 

When action projects are conduct
ed in a school setting, purposeful 
learning must occur. The decision 
to become involved should come 
from the students. They may 
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need guidance to determine if the 
project is within their capabili
ties. See Some Tips to Keep in 
Mind. 

Through act.ion projects, students 
gain first-hand experiences and 
learn they can make contribu
tions to energy resource manage
ment. Even if the outcome of the 
project. is not successful, meaning
ful learning occurs. Throughout 
the planning and implementation 
of an action project, people learn 
about themselves, their col-
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leagues, the environment, society, 
and how all these elements work 
together to create change and 
form our futures. Having stu
dents participate in energy action 
projects provides them with the 
opportunity to secure energy 
resources for their own needs 
today, as well as for tomorrow. 

Procedure 
Orientation 
Prior to this activity students 
may want to investigate an effect 
related to energy resource devel
opment and use (see Perfor
mance Standard Activity: 
"Investigating Effects of Energy 
Resource Development and Use"). 

Share some of the Action Ideas 
listed on pages M 112-120 (sec 
also the description of the Grand 
New Energy Conference-a con
ference for students organized by 
students----0n page M 120). Ask 
students if they or someone they 
know have conducted any of these 
activities or similar ones related 
to energy. The following questions 
can be used to orient students to 
the clements involved in conduct
ing an action project. 

What type of actions did they 
undertake? 
What motivated the individ
ual or group to take action 
these actions? 
What barriers and challenges 
did they face? 
How did they ove1·come these 
barriers? 
Do you know stories where 
people faced a similar chal
lenge'' 
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Action Strategies (continued) 

Political Action involves encouraging or pressuring elected officials to 
address an issue. Examples in this category include the following: 

Phoning 01· writing a letter about an energy issue to an elected official 
Conducting a "get out and vote" campaign to support a candidate who 
promotes wise energy use 
Speaking about an energy issue at a public hearing 

Ecomanagement consists of taking physical action to protect or to improve 
the environment. Examples include the following: 

Turning off lights when not in use 
Using alternative means of transportation 
Reusing paper 
Reducing the amount of food wasted during meals 

Legal Action pertains to promoting change in agencies, the government, 
and organizations through legislation or the judicial system. Generally, stu
dents will not utilize this approach because it involves activities such as bill 
writing or civil action suits. However, through the education action strate
gies, students can learn how legal actions helped form many of the laws and 
regulations governing use of our energy resources. 

Steps 
1. Divide the class into coop

erative working groups of 
three or four. Ascertain 
their interest in taking 
action relating to an effect 
of energy resource devel
oprnent and use. 
Share the rationale behind 
taking action (see Back
ground). Inform students 
that actions can be taken to 
support positive effects or try 
to improve negative effects. 
NOTE: This project can be 
done individually or by the 
whole class. 

2. Have each group identify 
an effect related to energy 
resource use or develop
n1ent that interests thcn1. 
To generate project ideas, stu
dents can observe their com
munity's energy use patterns 
and identify things they do or 
do not endorse and what 
they'd like to suppor( or 

PERFORMANCE STANDARD ACTIVITY: 
Energy Action Pl.1n 

change. They may want to 
pick a local topic that has 
already been investigated by 
the media. By conducting 
energy end use surveys and 
cost analysis, other problems 
or issues may arise (sec "The 
Cost of Using Energy" on 
page E 23). 

It is very important that 
student interest drive this 
project. Student concern and 
involvement in managing an 
effect of energy resource 
development and use can be 
enhanced through research 
and investigation (see 
Per{ orrnance Standard 
Activity: "Investigating 
Effects of Energy Resource 
Development and Use" on 
page E 167). If necessary, 
allow students to change 
groups to join one that is 
working on a project that is 
more interesting to them. 
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3. Involve students in a dis
cussion of what can be 
done. 
Have students use the Pro
ject Selection Guide to iden
tify a mode of action they'd 
like to take. See Action 
Ideas for lists of projects that 
can be undertaken to address 
many of the energy effects 
discussed throughout the 
Energy Education Activity 
Guide. For more information 
about the decision-making 
grid, see "A Decision-Making 
Model-A Tool for Analysis" 
in the Appendix. 

4. Provide students with the 
student activity sheet, Pro
ject Action Planning Form 
for Teachers and Students. 
Discuss the information on 
this form. Review the proce
dures required. for students to 
complete their project. Have 
students outline a list of 
responsibilities and assign 
members of their group to 
complete each task. It may be 
helpful to classify tasks under 
different group role titles. Fol
lowing are several possibili
ties: 

Leader or facilitator: 
directs the group and 
makes sure tasks are com
pleted 
Researcher: Locates and 
organizes information 
needed to complete the 
project 
Planner or engineer: devel
ops strategies for complet
ing the project 
Construction worhcr: 
builds, conducts, or takes 
necessary actions (.o com
plete the project 
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S01ne Tips to Keep in Mind 

Encourage Student Ownership and fnitiative 
The more your students arc involved in the project, 
the more they'll get out of it. To the extent possible, 
allow them to make their own decisions (which 
issue to focus on, how to conduct the project, and 
how to share results). Of course, you will be 
involved in decisions by (among other things) help
ing students evaluate the pros and cons of each 
choice. You can gauge how much direction makes 
the most sense, but, ultimately, the students 
should feel as though they're charting their own 
course. 

Encourage Parents and Other Community 
Members to Become fnvolved with the 
Project 
Conflict can sometimes surface when students 
interact with community members and parents 
who don't agree with a specific activity or who don't 
feel that action projects are an appropriate educa
tional approach. In many cases, you can diffuse 
this response by discussing projects with parents 
and community members beforehand and by 
explaining how action projects enhance educational 
goals. 

Keep Your Opinions in Peespectivc 
We all have our own ideas, beliefs, and opinions 
about issues. Part of being an effective educator is 
allowing everyone to openly express opinions, no 
matter how different they may be from our own. 
l\1any educators recommend that teachers hold 
back on sharing their opinions so students have a 
chance to discuss the issues, to research material, 
and to form their own ideas about how they feel. It 
is also critical for educators to keep students on 
track and focused on the facts. 

Emotionally charged debate and hotly contested 
points of vie\\. can obscure the real facts and divert 
students' attention from the issu(~ under scrutiny. 

Encourage Student Coope1·ation, Compro
mise, and Understanding 
Have your students work in small groups as much 
as possible. Besides the wcll-docuniented educa
tional benefits of cooperativ<~ learning. group work 
offers a taste of real-life prnlilcm solving·. Point oui 
that finding solutions to issues is rar('ly a solitary 

endeavor. Teams of people- scientists, politicians, 
concerned citizens----0ften arrive at a plan of action 
together. Ideally, each person brings his or her own 
perspectives and talents to the prncess, and the 
results ref1ect the strengths of those human 
resources. Multiple perspectives encourage 
thoughtful debate, boost critical thinking skills, 
and allow students to make informed choices
especially if opinions are accompanied by reliable 
information. 

Help Students Evaluate Their Methods and 
Change Their Plans If Necessary 
Being able to adapt--0r even totally change direc
tions if something isn't working-is a plus when it 
comes to solving problems. From time to time over 
the course of a project, have the students step back, 
assess the overall scheme, and evaluate their meth
ods. Ask if they think things are running as 
smoothly as they expected. If they think there's 
room for improvement, ask what might be done to 
adjust the situation. In some cases, problem-solving 
teams can brainstorm ways to deal with the snags 
and setbacks encountered along the way. Encour
age specific methods for evaluating success as the 
prnject develops. Students might keep journals and 
record what they think is going well and what 
seems to need change. They can also survey com
munity members to get reactions to the project's 
plan and progress. Likewise, periodic checkups for 
reactions from colleagues, teachers, or other stu
dents can be valuable. 

Help Students Appreciate the Value of Their 
\Vo1-k 
It's important for students to know that their pro
ject, no matter how small, is significant. Too often 
all of us feel that there's nothing we can do to solve 
a problem, or that whatever we can do isn't 
enough. Assure youngsters that every action 
counts. Even if the students' actions don't. seem to 
have much effect right away, the long-tenn results 
can be very important. For example, if a project 
designed to help consumers choose environmental
ly-friendly products fails to make big changes in 
consumer purchases, students will have learned a 
lot about the issue and raised public attention
perhaps ihcy will have inspired others Lo take up 
the cause. 
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Recorder: takes notes or 
videotapes the group's 
progress 
Public relations: commu
nicates with the public, 
secures permission to con
duct project, presents 
results of project 

Encourage students to contact 
organizations and local com
munity groups that have 
information about their 
intended action project. See 
Appendix lists of agencies, 
organizations and other 
resources. 

Students should also begin 
considering how they will 
monitor the progress of their 
endeavors. An energy learn
ing log or some other method 
of documentation is an ideal 
way for students to record 
what they have learned and 
to reflect on their learning 
(see Ideas for Afonitoring 
Progress). 

5. Have students implement 
their plan. 
Conduct group meetings and 
discussions to help students 
execute the forms, initiate 
action, and complete their 
projects. For long-term pro
jects, arrange for students to 
submit written or verbal 
progress reports regularly. 

Closure 
When students have completed 
their projects or taken some kind 
of action, have them discuss their 
feelings and experiences. Review 
the processes students used to 
monitor their progress. They can 
fill out the Self-Assessment 
Questionnaire to evaluate their 
success. 

PERFORMAN,~ STANO,\RO AC- IWiTY 
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Encourage students to prepare a 
presentation about their project. 
They can present results at fairs 
and civic events. They may also 
want to develop a videotaped pro
gram to share with various com
munity groups (see "Video Pre
sentations" in the Appendix). 

Assessment 
Formative 

Were students able to identify 
action strategies that 
addressed an effect of energy 
resource development and 
use? 
Did they develop effective cri
teria that helped them select 
a feasible strategy of action? 
Did students carefully docu
ment their progress, reflect
ing on the effectiveness of 
each of their steps? 

Sunuuative 
Review and discuss students' 
responses to the Self-Assess
ment Questionnaire or 
other means they used for 
evaluation. 
See Evaluation Criteria for 
developing, implementing, 
and evaluating an energy 
action plan. Much of this 
could be incorporated by stu
dents into an "Energy Learn
ing Log" (see the Appendix) 
or some other method of docu
mentation (see Ideas for 
Afonitoring Progress). 
Monitor how successfully stu
dents educated others about 
their project. You may want 
to develop or have students 
develop a simple survey for 
people to record what they 
think they learned. 

Ideas for Monitoring Progress 

Keep a video or photo log of project highlights. After the project is com
pleted, use the video or photo scrapbook as a springboard for discussions 
in which students share their feelings about the expe1·ience and \,·hat 
they learned. 
Collect memorabilia (articles about the project, newspaper photos, stu
dents' own photos, planning schedules, and so on) to create an action 
project scrapbook that students can sign and write comments in. 
Ask students whethe1· they've changed their thinking or behaviors as a 
result of the project. Have them write essays describing those changes 
and what they think prompted them. 
Have students keep a journal to record feelings about the projecl, its 
progress, and its setbacks, and to keep notes about working with others. 
After the project, lwve students share parts of their journals with lhe 
group and discuss their feelings. 
Have students evaluate other members of their group, as well as them
selves. Defore they do, give students pointers on positive, constructive 
feedback and focus the session on specific points, such as contribution to 
the project, effort, conflict resolution approach, and so on. 
Have community members who were involved in the projed assess stu
dent pedormances. You can develop an assessment fo1·m or hav(, stu• 
dents conduct short i11te1·vicws. 
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Resources 
For Teachers 
Conservation Consultants. Mall
ing a Difference: A Curriculum 
Process Guide for Community 
Environmental Problem-Solving 
Projects. Sewickley, Penn.: Con
servation Consultants, 1981. 

Kinsley, Carol W. and Kate 
McPherson, editors. Enriching the 
Curriculum through Service 
Learning. Alexandria, Va.: Associ
ation for Supervision and Cur
riculum Development, 1995. 

Lane, Jennie, and Catherine 
Rossow. "Sources and Ideas for 
Special Projects" pp. 225-260 in 
Environmental Education: 
Teacher Resource Handbooh. 
Wilke, R. editor. Millwood, N.Y.: 
Kraus International Publications, 
1993. 

Pennock, M. and L. Bardwell. EE 
Tool Box Worhshop Resource 
Annual: Approaching Environ
mental Issues in the Classroom. 
Ann Arbor, Mich.: National Con
sortium for Environmental Edu
cation and Training (NCEET), 
1994. 

Western Regional Environmental 
Education Council. Pn~jcct WILD: 
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Tahing Action! An Educator's 
Guide to Involving Students in 
Environmental Action Projects. 
Houston, Tex.: Western Regional 
Environmental Education Coun
cil, 1995. 

For Students 
Corson, Walter H., editor and The 
Global Tomorrow Coalition. The 
Global Ecology Handbooh: H1!wt 
You Can Do about the Environ
mental Crisis. Boston: Beacon 
Press, 1990. 

Council on the Environment of 
New York City. Training Student 
Organizers Curriculum. Contact: 
Council on the Environment of 
NYC, 51 Chambers Street, Room 
228, New York, N.Y. 10007. 
Phone: (212) 566-0990. 

Hubbard, Alice and Clay Fong. 
Community Energy Worhbooh: A 
Guide to Building a Sustainable 
Economy. Snowmass, Colo.: Rocky 
Mountain Institute, 1995. 

Hungerford, Harold R., Ralph A. 
Litherland, R. Ben Peyton, John 
M. Ramsey, and Trudi L. Volk. 
Investigating and Evaluating 
Environ.mental Issues and 
Actions: Shill Development Pro
gram. Champaign, rn.: Stipes 
Publishing Co., 1992. 
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Lewis, Barbara. The Kid's Guide 
to Social Action. Minneapolis: 
Free Spirit Publishing, 1991. 

Wallace, Aubrey. Eco-Heroes: 
Twelve Tales of Environmental 
Victory. San Francisco: Mercury 
House, 1993. 

Credits 
Activity adapted from The Watercourse and 
Western Regional Environmental Education 
Council (WREEC). "Water Actions" pp. 12-15 in 
l'rojcct WET. Bozeman, Montana: The Water
course and Western Regional Environmental 
Education Council (WREEC), 1995. Used with 
permission. All rights reserved. 

"Benefits for Students and Teachers" adapted 
from Pennock, M. and L. Bardwell. EE Tool Box 
Worl,shop Resource Annual: Approaching Enui
ro11mcntal Issues in the Classroom. Ann Arbor, 
Mich.: National Consortium for Environmental 
Education and Training (NCEET), 1994. 

"Some Tips to Keep in llfo1d," "Ideas for Moni
toring Progress," and '·Self-Assessment Ques
tionnaire" adapted from Western Regional Envi
ronmental Education Council l'rojcct Wll,/J: 
Tal,ing Action! An Educator's Guide to lnuoh:i11g 
Students in E11uironme11tal Action Projects. 
Houston, Tex.: Western Regional Environmental 
Education Council, 1995. 

Action Strateg-ics based on Hungcrford. Harold 
R., Ralph A. Litherland, R. Ben Peyton, John J\·1. 
Ramsey, and Trudi L. Volk p. 168 in lnucsti1<al
in{! and Evaluating E1wironme11tal ls.sues a11d 
Actio11s: Sl,ill Development Program. Cham
paign, Ill.: Stipes Publishing L.L.C., 1996. 

'·Project Action Planning Form for Teachers and 
Students" adapted from Lane, Jennie and 
Catherine Rossow. "Sources and Ideas for Spe
cial Projects" pp. 225-260 in Wilke, R., editor. 
Environmental Educatfrm: Teacher Resource 
Handbool,. Millwood, N.Y.: Kraus International 
Publications, 1993. 
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Project Selection Guide 

1. What effect of energy resource development and use will your project address? 
NOTE: It is best that you conduct, an investigation of this topic or issue before doing an action project. An investi
gation involves researching and analyzing the history and causes of the effect, and how it influences our lives and 
the environment. 

2. Do you plan to support (enhance, promote) or correct (improve, change) the effect? 

3. What evidence is there that action is needed? 

4. Do you have a good understanding of the beliefs and values of people who will be affected by this 
project? Summarize their viewpoints. 

5. Once you have decided on an effect of energy resource development or use, brainstorm action ideas for 
conducting a project that addresses this topic or issue. In addition, write down the desired result. 

Action Idea Intended Outcome 

6. Use the Decision-Malling Grid for Action Ideas to evaluate each of the action ideas you listed. Some 
decision making criteria are listed, but you may have others you'd like to include. Rule out projects 
that are unmanageable. Decide which is the most feasible in terms of time, cost, and/or participant 
support. Which one will most likely be successful? 

PERFORMANCE STANDARD ACTIVITY: 
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Criteria 

It is safe (it will not 
endanger the life or 
health of people 
involved). 
It is legal. 

Your values support 
this action. 

You have the skills to 
conduct this idea. 

The time needed to 
conduct this project is 
reasonable. 

There are available 
resources to help 
comolete l11e project. 

Project Selection Guide 
(continued) 

Decision-Making Grid for Action Ideas 

Action Ideas 
~ist alternative ideas below.) 

Which action idea arc you going to choose as a project and why? 
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Project Action Planning Form 
for Teachers and Students 

Title of Project __________________ _ 

Group Members' Names Responsibility 

Briefly describe your project, its goal, and why it is important. 

Project Objectives 
Develop a set of objectives for your project. These objectives should encompass the expected results and 
accomplishments, what you hope to learn, and any other considerations provided by your teacher. 

Research and Background Infonnation 
Has your project been done before? If so, how was it done? What approach worked best? 

Make a list of information and/or data you need to gather in order to complete your project. Identify possi
ble sources of information relevant to your project and where you might find them. 

Identify any community, state, or national organizations that might provide you with information, materi
als, or services. 

Identify other people such as teachers, administrators, parents, or community members who might help 
you with your project. Describe how they can help. 
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Project Action Planning Forn_1-
for Teachers and Students (continued) 

Planning 
On a separate sheet of paper, create a workable project outline. 
a) Begin by listing all of the tasks you will need to do in order to finish your project. 
b) For each task, assign responsibility to someone on your team. 
c) Assign a date by which that task will need to be completed. 

Make a list of all the materials and resources you will need to complete your project. Use the project out
line to identify materials and resources you will need to accomplish each task. 

Determine the costs (if any) of doing your special project. Make a list of ways you can minimize your costs. 

Identify any obstacles you may encounter when conducting your project and describe possible ways to 
resolve them. 

Educating Others 
How will you inform others about what you have accomplished? Possibly write a feature article for a local 
newspaper or gaining attention from a television news program. You may also present a summary of your 
efforts to another class or at a town or school meeting. 

Othe1· Considerations 
What special equipment or arrangements will you need in order to complete your project? How will you 
obtain them (permissions, transportation, use of computers or telephone, special field equipment, etc.)? 

When will you work on your project (during school, after school, in the evening, on weekends)? Are you will
ing to spend the time you need to complete the project? 

How will you keep track of your progress (a journal, photographs, videotape, portfolio, etc.)? 

Will your project require long-term follow-up? If so, who will continue your project after you are finished? 
What long-term maintenance costs are associated with your project? 
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Self-Assess1nen_t Questionnaire 

Decide how effectively you met each of your objectives. For objectives you achieved, describe what you 
learned from the experience. For those you haven't accomplished, will you still try to achieve them? If yes, 
how? If no, why not? 

What was the most successful part of your project? What was the least successful part? 

Who was influenced or motivated by your actions? Who might those people now influence? 

If you repeated the project, what, if anything, would you do differently and why? 

How do you feel about your involvement in the project? 

Have your feelings and opinions about the issue you worked on changed since you began the project? If so, 
how? If not, why not? 

What did you learn during this project that you'll be able to apply to other energy use situations that you'd 
like to change? 

Would you get involved in another energy action project? Why or why not? 

What advice would you give to other students planning an action project? 

Do you think il's important for citizens to volunteer for community service'/ \;\Thy or why not? 

PERFORMANCE STANDARD ACTIVITY: 
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Evaluation. Criteria for Conducting a11 
Action Project Tl1at Addresses a11 Effect of 

Energy Resource Development and Use 

Investigation and report title _______________ _ 

Group Members' Name(s) Responsibility 

Selection of the Action Strategv 
The group considered a variety of STRONGLY AGREE DISAGREE STRONGLY 

alternative action ideas. 
AGREE DISAGREE 

The group evaluated and selected STRONGLY AGREE DISAGREE STRONGLY 

the most plausible action idea for 
AGREE DISAGREE 

their project. 

Planning the Project 
The group established realistic STRONGLY AGREE DISAGREE STRONGLY 

goals (criteria) for the project. 
AGREE DISAGREE 

The group used a systematic STRONGLY AGREE DISAGREE STRONGLY 

approach to research information 
AGREE DISAGREE 

needed to complete the project. 
The group developed a workable STRONGLY AGREE DISAGREE STRONGLY 

project outline and timeline. 
AGREE DISAGREE 

The group worked efficiently STRONGLY AGREE DISAGREE STRONGLY 

together to complete tasks. 
AGREE DISAGREE 

Project Completion 
The group carefully documented STRONGLY AGREE DISAGREE STRONGLY 

the progress of the project. 
AGREE DISAGREE 

The results of the group's project STRONGLY AGREE DISAGREE STRONGLY 

positively addressed the energy 
AGREE DISAGREE 

effect studied. 
The group accomplished the goal STRONGLY AGREE DISAGREE STRONGLY 

and objectiv~s of their project. 
AGREE DISAGREE 
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Student Job Shadowing Visit: 
Business Representative Evaluation Form 

Your Name and Title _________________________ _ 

Business or Industry You Represent ____________________ _ 

Name of Participating Student ______________________ _ 

Date of Visit ____________________________ _ 

Was student properly prepared for the visit? 

V-las the student's behavior appropriate? 

Vi as their visit worth your time? 

Yes ___ _ 

Yes ___ _ 

Yes ___ _ 

No __ _ 

No ___ _ 

No __ _ 

Please make any comments and suggestions pertinent to the success and/or improvement of this 
program. 
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Action Ideas 
Energy Efficiency Measures 

Below is a list of action ideas that can improve energy efficiency at home, school, and in the community. 
Students can perform many of these measures themselves, or they can work with their peers, family, school 
personnel, and community members to improve energy efficiency. 

Energy efficiency measures that correspond to Energy End Use Surveys from "Creating an Energy End Use 
Survey Plan" are listed under each end use category. Teachers may want to have students do these surveys 
first. Additional efficiency measures not covered by Energy End Use Surveys are also listed. If students dis
cover other energy efficiency measures not listed here, they should be encouraged to undertake them if pos
sible. 

The cost of implementing energy efficiency measures varies widely. Measures listed under Basic Action 
Ideas for each end use arc free. Many other measures only cost a few dollars. A few require a major invest
ment, such as purchasing a large appliance, buying a new vehicle, or adding insulation as part of a home 
improvement project. Each energy efficiency measure is ranked from the least costly to the most costly 
within a specific energy end use category. The rankings are symbolized as follows: 

No cost: 0 
Low cost: ¢ - $ (<$1 to $25) 
Medium cost: $ - $$ ($25 to $200) 
High cost: $$$ (Greater than $200) 

Broader cost ranges are shown using two cost symbols separated by a dash. For example, a cost range 
shown as "0 - $" means that the cost to implement this measure ranges from no cost to a low cost. All costs 
are initial investment costs that save energy (and money) over time. Even those that cost little or no money 
may yield noticeable energy savings. 

The energy efficiency measures listed here represent only some of the many possible measures that can be 
taken. Information about other energy efficiency measures is found in the Rcsou1·ccs section of the activi
ty "Creating an Energy End Use Survey Plan." 
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Lighting 
Implement Basic Action Ideas 0 

Remember to turn off lights that arc not in use. 
Do not turn on more lights than you need for specific tasks such as reading or writing. 
Clean light bulbs and fixtures by removing dust and dirt that have accumulated on them. 
Caution: Never use water to clean light bulbs while they are turned on. The water's cooling 
effect could shatter hot bulbs. 

De/amp and Relamp Fixtures 
Reduce light levels that arc too bright by removing unnecessary bulbs from fixtures (delamping). 0 
Replace high wattage bulbs with lower wattage bulbs of the same type (rclamping). ¢ - $ 
Combine delamping and rclamping to get the desired amount of light from a fixture. For example, 
replacing two 60-watt incandescent bulbs (120 watts and l, 730 lumcns total) with one 100-watt, 1,710 
lumen incandescent bulb will save 20 watts and provide the same amount of light. 
NOTE: Be sure to first delamp and relamp fixtures that arc used most often (4 hours or more per 
day). 

Replace Incandescent Light Bulbs with More Efficient Bulbs 
Replace incandescent bulbs with compact fluorescent lamps (CFLs). Be sure to first install CFLs in fix
tures that arc used most often (4 hours or more per day).$ - $$, depending on the number of bulbs 
being replaced Caution: Avoid replacing incandescent bulbs with CFLs in fixtures that are 
connected to dimmer switches since this may create a fire hazard. 

Use Daylight 
Hearrange living and work spaces to take advantage of daylight. 0 
Open curtains and blinds during the day to reduce the use of indoor lighting.(:) 
Consider repainting walls and ceilings with light colors to reflect more lighL $ - $.$ 
Consider investing in skylights or extra windows to allow more daylight to enter the room. $$$ 

Use Other Lighting Energy Efficiency Measures 
Connect a timer or a light sensor to outdoor lights so that they automatically turn off during the day
time and turn on at night. $ - $$ 

Insulation and Air Infiltration 
Implement Basic Action Ideas-Air Infiltration 0 

Close drapes and window shades during the winte1· and the summer. 
Close doors when going in and out. 
Make sure that all interior windows and storm windows arc closed during the heating season. 
[f your home has a fireplace, make sure that the damper closes tightly when you don't have a fire 
burning. 

Add Ins11/at.io11 
Adel insulation to the attic, walls, and basement as needed. Contact a building supply dealer, a home 
builder, an energy professional, the Wisconsin Energy Bureau, or the Wisconsin Department of Indus
try. Labor, and Human !{elations (the ,;(ate agency that oversees building codl',;) to find out recom
mended !{-values for the areas where i11,;ulatio11 j,; to lie added. $$ - $$$ 
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Reduce Air Infiltration in Windows 
Place clear plastic barriei-s over windows during the heating season to prevent drafts. Many depart
ment and hardware stores sell window plastic kits for this purpose. ¢ - $ 
Replace cracked and broken windowpanes. ¢ - $ 
Caulk and weatherstrip air leaks around the exterior and interior of window frames. ¢ - $ 
Install new storm windows or repair old ones. $ - $$ 

Add Window Coverings 
Install drapes, shades, or insulating coverings that can be rolled down and closed into place. $ - $$$, 
depending on the type of window coverings installed and the number of windows covered. 

Reduce Air Infiltration in Doors 
Install door sweeps or make fabric "snakes" and place them at the bottom of doors to prevent drafts. 
¢-$ 
Caulk and weatherstrip air leaks around doors. ¢ - $ 
Repair door closing mechanisms so that doors close automatically. ¢ ·- $ 
Install storm doors on exterior doors if none arc present. $ - $$ 

Reduce Air Infiltration in Walls, Foundations, and Other Openings 
Install foam rubber gaskets behind electrical outlet cover plates. ¢ - $ 
Caution: Make sure that the electricity to the outlet is turned off before removing a cover 
plate. 
Caulk or seal cracks in the foundation and gaps or openings where wires and vents enter exterior walls 
of homes and buildings. ¢ - $$ 
If your fireplace damper doesn't work, either have it repaired, install a chimi1ey-top damper, or install 
a door on the fireplace. $ - $$ 

*Energy Action Project: SWEEP at Grand Avenue School in Milwaukee, Wisconsin 
Cheching Insulation and Air Infiltration 

· Newly constructed or vacant homes in the area can provide an opportunity for students to apply what they 
know about insulation and air infiltration. In Milwaukee, Grand Avenue Middle and High School students 
toured an Energy Center of Wisconsin demonstration home with innovative construction features. Students 
compared the advantages of this ne\1\-' technology to more traditional constructions (topics included initial R
values, the effect of water on insulation, etc.) As part of the tour, Center staff hooked up a blower door at 
this house and asked students to find air leaks and suggest remedies. (The blower door is a high-powered 
fan that is attached to an external door of the house. When engaged, the blower door exacerbates existing 
infiltration problems so they are more readily defined. The blower door also yields measurements that indi
cate how "loose" or "tight" a particular house is.) 

Space Heating, Water Heating, and Air Conditioning 
Implement Basic Action Ideas-Space Heating 0 

During the heating season, set your thermostat to 68 degrees F (20 °C) during the day (or when you are 
home) and to 55 degrees F (13 °C) when you go to bed (or when you are away). 
Close heating vents, radiators, etc. in rooms and other interior spaces that do not need to be heated. 
Also, clean the dust and cobwebs from heating vents (registcrn). 
Bleed the air out of hot water radiators. 
Close off rooms that do not need t.o be heated. 
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Implement Basic Action Ideas-Water Heating 0 
Turn down the water heater thermostat to 120 degrees F (49 °C). Turn it down even further when your 
family goes on vacation. Some water heaters have a "vacation setting" specifically for this purpose. 
Do not let the water run while washing your hands, brushing your teeth, shaving. or washing dishes. 
Do not let the shower run for more than a few seconds before stepping into it. 

Implement Basic Action Ideas-Air Conditioning 0 
During the cooling season, set the air conditioner at 78 degrees F (26 °C). Set it higher if your home 
has ceiling fans. 
Turn off the air conditioner if you leave your home for more than an hour. 
Close off rooms that do not need to be cooled. 

Implement Space Heating Energy Efficiency A1easures 
Clean or change the air filter of your furnace monthly. ¢ - $ 
Build reflectors out of aluminum foil and place them between the radiator and the wall. This will help 
reflect heat from the radiators into a room. ¢ - $ 
Install a programmable thermostat. $ - $$ 
Have your boiler or furnace serviced every one or two years. $ - $$ 
Seal and insulate warm-air heating ducts that come out of your furnace. $ - $$ 
Consider installing a high-efficiency furnace or boiler, if replacing an old furnace or boiler. $$$ 

Implement Water Heating Energy Efficiency A1casures 
Install a low-flow showerhead in your shower. ¢ - $ 
Install water-efficient faucet aerators (faucet heads) in your kitchen and bathroom sinks. ¢ - $ 
Fix leaky faucets. ¢ - $ 
Install an insulating blanket around your water heater. ¢ - $ 

Caution: Do not covet· thennostats, burners, water heater controls, or air inlets of water 
heaters with insulating blankets. Do not covet· the tops of natural gas water heaters. Make 
sure that blankets are taped securely to water heaters to prevent them from slipping down. 
Ask an adult for help when adding blankets to water heaters. Note that installing insulating 
blankets on certain high-efficiency watei- heaters may reduce efficiency. Follow directions 
and tnanufacturer's reconunendations. 
Insulate the first three feet (90 cm) of the hot water pipe coming out of the water heater. ¢ - $ 
Insulate all hot water pipes in unheated basements and crawlspaces.$ - $$ 
Caution: Do not replace or cover older pipe insulation on your own. It tnay contain asbestos 
and should not be touched or disturbed except by a pi-ofcssional. 
Consider installing a high-efficiency water heat.er, if replacing an old water heater. $$$ 

Implement Air Conditioning Energy Efficiency A1easurcs 
Place window air conditioners on the shaded sides of the house. 0 - $, depending on whether _you have 
to buy mounting brackets 
Clean or change your air conditioner's air filte1· every one or two months. ¢ - $ 
Build an awning over the air conditioner so that i( is not exposed to the sun. 
$$ - $$$ 
Consider installing a high-efficiency air conditioner, if replacing an old air conditioner. $$$ 
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*Energy Action Project: SWEEP at Grand Avenue School in Milwaukee, Wisconsin 
Designing a .Means of Storing Heat 
Grand Avenue High School students in Milwaukee worked in teams to create effective cold frame designs. 
Asked to design a device that would let in as much heat as possible (reach the highest temperature) and 
retain as much heat as possible after the light was removed (maintain the highest final temperature), stu
dents first proposed individual designs, and then worked in groups to develop the best possible design. 
Once the design was agreed upon, students built three-dimensional paper models and defended their con
struction choices. The models were tested using a 150-watt lamp. Students used a thermometer to take 
temperature readings every 30 seconds and then graphed the results to assess the effectiveness of their 
design. After examining the results, students had an opportunity to modify their designs to improve perfor
mance. To conclude the project, students wrote a brief report outlining their strategies and outcomes. 

Major Horne Appliances 
Implement Basic Action Ideas-Refrigerators and Freezers 0 

Set your refrigerator's temperature between 38 and 42 degrees F (3 and 6 °C), and your freezer 
between 10 and J 5 degrees F (-12 and -9 °C). Use a thermometer to check these temperatures, since 
refrigerator or freezer dials usually do not show temperatures. 
Do not open the refrigerator or freezer door longer than necessary. Decide what you want to get from 
the refrigerator or freezer before you open the door. 
Stock your refrigerator with food and fill any remaining large spaces with jugs of water. However, do 
not overfill your refrigerator to the point where you reduce air circulation and cooling effectiveness. 
Clean the coils behind your refrigerator and freezer at least once a year. 
!I-fake sure the rdrigeratm door's seal is tight when closed. 
Move refrigerators and freezers away from direct sunlight, stoves, dishwashers, and other heat sources. 
Make su1·e that the refrigerator is not pushed tightly against the wall: air must circulate through the 
coils. 
Use energy-saving settings on your refrigerator and freezer if they have them. 

Implement Basic Action Ideas-Clothes Washers, Clothes D1J'ers, and Dishwashers 0 
Use energy-saving settings on your clothes washer, clothes dryer, and dishwasher if they have them. 
Run clothes washers, clothes dryers, and dishwashers with full loads when possible. 
\'vash clothes in cold or warm water when possible. 
Hang washed clothes on a clothesline to dry. 
Wash dishes by hand, especially if there aren't enough to fill a dishwasher. Use water-conserving 
habits (e.g., don't let the water run unnecessarily) when washing. 
If your dishwasher doesn't have a no-heat air dry feature, turn off the dishwasher after the final rinse 
cycle and open its door to let dishes air dry. 

Implement flasic Ac/ion ldeas-8toucs (Ranges) 0 
Use microwc1.ve ovens and toaster ovens in place of electric rang·es and ovens when possible. 
Cover pots wlwn cookin_g food or boiling water, except when cooking food that may boil over (e.g., 

· pasta). 
Place small pols or pans on small burners when cooking. 
Make sure that the niet.c1.I reflectors under burners arc kept clean. This allows them to ref1ed heat Lo 
pots and pans during cooking. 
Avoid opening tlw oven to look a( food while it is cooking. Turn 011 the oven light and look t.hrnugh tile 
windovv in.-;tt•ad. 
Hedun• cookillg time liy defrosting food:-; in the n•frigcrntor hcf"orc cooking. 
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Implement Refrigerator and Freezer Energy Efficiency fl1casures 
Consider purchasing a high-efficiency refrigerator, if replacing an old refrigerator. $$$ 

S111all- and Mediu111-Sized Electrical Appliances 
and Equip111ent 
Implement Basic Action Ideas 0 

Turn off appliances and equipment. if they are not being used. 
Substitute manual effort (labor) for using an appliance when possible. Think of it as a way of getting 
exercise. 

Implement Electrical Appliance and Equipment Energy Efficiency !11easures 
Buy energy efficient. appliances and equipment whenever possible. ¢ - $$$ 

Transportation 
Use Transportation Alternatives 

Walk or bike to destinations whenever possible. 0 
Start or join a carpool to commute to school or work. 0 - $, depending on how the cost of carpooling 
compares to the cost of using your own vehicle 
Use mass transit (buses, trains) for commuting purposes, when possible. 0 - $$, depending on how the 
cost of using mass transit compares to the cost of using your own vehicle. 

Maintain Vehicles (or Greater Fuel E((iciency 
Keep the ti1·es of your vehicle inflated to the manufacturer's recommended maximum pressure. 0 
Change engine oil and the oil filter according to the manufacturer's recommended schedule. c - $ 
Have your vehicle's engine tuned-up regularly.$ - $$ 
Have the wheels of your vehicle aligned regularly. $ - $$ 

Practice Driving Habits That Increase Fu<!l E,r(iciency 0 
Combine several errands into one trip. 
Reduce any unnecessary weight carried by the vehicle. Extra weight. reduces fuel efficiency. 
If you stop for more than one minute, it is more efficient to turn off the engine rather than letting it 
idle. 
Avoid revving up the engine. 
Avoid rapid acceleration and braking. Drive smoothly and anticipate traffic stops. 
Obey speed limits. Most vehicles reach their optimum fuel efficiency at speeds between 40 and 55 miles 
per hour (mph) (64.4 and 88.5 km/hr). As speed increases over 55 mph (88.5 km/hr), fuel efficiency 
drops quickly. Speeds of 65 mph (104.G km/hr) use from 10 to 15 percent more fuel than 55 mph (88.5 
km/hr). Losses at. 75 mph (120. 7 km/hr) compared to 65 mph (104.G km/hr) arc even great.er. 
Use cruise cont.ml when driving on level i1ighway roads. 

Consider Buying a More Fuel E((icicnt Vehicle$$$ 
If you or a member oC your family plans to buy a new or used vehicle, consider choosing one with the 
highest possible fuel efficiency (miles per gallon, or mpg) rating. Small vehi~les wit.h four-cylinder 
engines and manual transmissions generally have the highest. fuel efficiency ratings. However, fuel effi
ciency ratings also vary f'or difforent classes of' vehicl<'s (cars, minivans. station wagons, light trucks. 
etc.). so make sure to consider the most efficient vehicll' within a certain class. 
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Trip Planning 
Design a travel brochure of Wisconsin that identifies energy efficient ways of getting to various 
destinations and points of interest within the state. 

Energy Efficient Landscaping 
Plant Trees 

It's much cooler to sit under a densely leafed, spreading tree that blocks the sun's rays than under one 
that only filters rays. The Arbor Day Foundation suggests planting trees with round or horizontal-oval 
crowns. Trees _rated highest for shade are maple, horse chestnut., beech, green ash, walnut, poplar, and 
sycamore. 
Consider the plant's adaptability and hardiness. For the north side of a building, choose a shade-toler
ant plant that's extremely winter-hardy. For the south and west sides, use plants that are adaptable to 
drought, excessive sun, and hot winds. 
To prevent foundation damage, a tree planted within 10 feet (300 cm) of a building should be selected 
from those species that have a taproot instead of a lateral root system. 
Plant trees with strong wood. However, for quick shade, interplant fast-growing weaker trees such as 
willows. When the slower, stronger trees reach a desirable height, remove the weaker ones. 
When deciding where to plant your trees, observe summer shadows on your property and plant trees 
where they will shade hot spots during the hottest days of summer. Locate large deciduous shade trees 
on the south, southwest, and west sides of the building about 15 to 25 feet (45-75 m) apart and 10 to 15 
feet (30-45 m) from the building. Deciduous trees block the summer sun but let winter's warming rays 
filter through after the leaves fall. Plant trees with strong wood, such as oaks, lindens, or ashes. (Weak
er trees can cause damage if branches break off during high winds.) 

Plant Dwarf Shrubs near Building Foundations 
Dwarf shrubs are suitable for energy-efficient landscaping because they remain small at maturity (2 to 
3 feet high (60-90 cm)) and can be planted near buildings. Also, since they stay small, they require little 
maintenance. Small plantings near your building can save energy year-round. In the winter, dwarf 
shrubs, especially evergreens, can block the force of cold winter winds against the foundation. This 
reduces both heat loss through the walls and cold air leaks. In the summer, dwarf shrubs can cool the 
air near your building with shade by a process called transpiration. As plants give off moisture to the 
air, the air cools. This is similar to the way perspiring cools humans. The air temperature can be as 
much as 10 degrees cooler by shrubs. Evergreen dwarf shrubs are especially effective for cutting heat 
loss in the winter. Many of the conifers (needle types) are very hardy and form an effective foundation 
wind barrier year-round. Locate these shrubs on the north and northwest sides of your building. 

Other Action. Ideas 

Initiate a School-\Vide Conservation Program. This program can be a contest, a fair, a theme week, 
etc. For example, make a list of things classrooms can do to save energy, such as turning off the lights 
when they're not in use. Provide this list to all the teachers, and have each class describe how they are 
helping saving energy. Incentives and awards can be given to the classroom that implements the most 
energy-saving strategics. 

Solicit Pledg-es to Reduce Ai1· Pollution. By implementing strategics described in Energy Efficiency 
Measures, you will use less energy. If your electricity comes from a coal-fired power plant and if you d1·ivc 
or ride in a car, using energy efficiently means less fuel will be burned and fewer pollutants will be gener
ated. Therefore, to help clean the air, conserve cncrg·i 
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Start a School Recycling Program. Contact the Wisconsin Department of Natural Resources or your 
community waste management or recycling agency. Research how other buildings collect recyclables, such 
as placing bins in convenient locations. You'll need to educate your peers and teachers about proper dispos
al of recyclable materials. You may want to start with aluminum because in some communities you can 
receive cash for recycling cans. This way your project can also be a fund-raiser. 

Observe Energy Awareness Month. Contact the Governor's office and ask for copies of the proclamation 
about energy efficiency. Post these around the school. Decide which of the statements of the proclamation 
you can help support. With your class or a group of friends, brainstorm things you can do to celebrate Ener
gy Awareness Month. Ideas include holding an energy fair or conference, performing a play, conducting 
audits and surveys, etc. 

Organize a Rummage Sale. A rummage sale is one way to reuse things instead of throwing them out. 
You save energy because resources are not used to make new projects. This also can be a good fund-raiser. 

Grow Your Own Food. It takes energy to grow food. Modern agricultural practices use large amounts of 
energy resources (e.g., fuel to run tractors, petroleum products in fertilizers, transportation costs). By grow
ing your own food, you are skipping the energy-using steps that provide you with food at the grocery store. 
Contact local farmers and greenhouses to learn about gardening. Some areas have community gardens you 
can use if you don't have enough land space to grow food. Even growing your own herbs in a window box 
saves energy. Invite your friends to help grow and harvest the food. 

Design an Energy Efficient Community. Design an infrastructure system (a means of obtaining and 
using energy resources) for a city of the future. Look at existing alternative communities, such as Soldiers 
Grove, Wisconsin (contact Soldiers Grove Community Development Corporation, P.O. Box 121, Soldiers 
Grove, Wisc. 54655. (608) 624-3264). Another approach is to use ·'bottle biology" to create a miniature ver
sion of a biotic community or an energy efficient human-built community (see Resotu-ces). 

*Energy Action Project: SWEEP at Grand Avenue School in Milwaukee, Wisconsin 
Energy and Future Societies 
A Grand Avenue High School teacher asked her students to predict energy use in the year 2050. Allowing 
students to proceed on their ov>'n or in groups (provided the role for each group member was clear), she 
required students to use a variety of information sources. However, she permitted a great deal of flexibility 
in how students presented their predictions; students could make their predictions in the form of a future
house or car design, a slide sho,.v, a song or dance, a time capsule, a future-city model or drawing, a report, 
a timeline with illustrations, a short story, a poem, or a play. Of these predictions, the use of a timeline 
was especially effective, as it required students to think about the future as the outcome of a series of relat
ed energy opportunities and energy crises. 

*Ene1·gy Action P1·oject: SWEEP at Grand Avenue School in Milwaukee, Wisconsin 
Designing Energy Efficient Homes 
Grand Avenue High School students capped a year-long exploration of energy issues by designing energy 
efficient homes. The students began by using computer programs to design their homes, and then they 
built three-dimensional models that included landscaping. Teachers required students to specify the geo
graphic location of the house and to consider local conditions (such as possible solar heating gains). Stu
dents worked with local architects and energy professionals to ensure that their designs incorporated as 
many innovative features as possible. 
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*Energy Action Project: Grnnd Avenue School in Milwaukee, Wisconsin 
Grand New Ene,~EJY Conference-Spreading the Word 
Middle school studenLs aL Milwaukee's Grand Avenue School planned and implemented an energy confer
ence for other middle schoolers to increase the students' awareness of important energy issues. In addition 
to providing Grand Avenue students with a vehicle for expressing their knowledge, the conference offered 
these students opportunities to build new skills and to be exposed to a variety of careers. 
For Grand Avenue students, the conference was a viable way to share their commitment to energy efficien
cy. After learning about energy-related issues in various classes, Grand Avenue students were strong advo
cates of energy efficiency and renewables. They were frustrated, however, by their limited area of influence. 
Many students talked to their families about adopting energy-saving strategies and some even bought com
pact fluorescent bulbs (CFLs) for their bedrooms, but only a few managed to convince their parents to initi
ate major conservation measures like adding insulation. Students discussed their frustration and finally 
concluded that they should try to target a different audience-their peers. 

For Grand Avenue teachers, the conference provided numerous opportunities to help students build real
world skills. Teachers divided the students into conference work groups based on their interests. Some stu
dents developed presentations, some designed promotional materials, and others used the school printing 
equipment to make conference T-shirts and buttons. Teachers emphasized teamwork and gave students 
numerous opportunities to assess their progress against well-defined standards. 

For the teachers and students attending the conference from other schools, the day-long event provided a 
nontraditional opportunity to learn about energy issues. Attendees talked with their peers about the impor
tance of energy efficiency and p,u-ticipated in workshops that explored the many ways in which our energy 
use affects the environment. Attendees also experienced a real conference-the way many adults learn 
about important issues. 

Planning and implementing the conference was a lot of work. With the help of the Energy Center of Wis
consin, Grand Avenue's teachers developed an overall five-month work plan that identified deadlines for 
various tasks (see sample, April 1997 Worh Plan). Teachers worked collaboratively to help their students 
meet these deadlines. In addition to building strong student teams, the conference strengthened collabora
tion among the teachers and between the teachers and Energy Center staff. 

Most importantly, though, the conference enabled Grand Avenue students to build the framework for a 
coalition of students interested in and concerned about energy issues. About 350 people-80 percent of 
them students-attended the Grand New Energy Conference (GNEC) on May 28, 1997. Some attendees 
expressed interest in presenting or exhibiting at a similar conference in the future and others demonstrat
ed a new interest in energy issues, motivated at least in part by the enthusiasm of the Grand Avenue 
students. Future conferences and other activities (like student newsletters) will strengthen this student 
coalition and help to make all students morn aware of important energy issues_ 

*If you 01· you1· class participates in an enet·g_y action project, let the \Nisconsin K-12 Energy 
Education P1·ogxam (KEEP) know_ Ask yoUI· teachet· for a copy of the form on page A 117_ You1· 
project may be w1·itten up as an Energy Action Pi-oject in one of KEEP's futut·e publications. 
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Resources 
NOTE: Also sec Resources in "Creating an Energy End Use Survey Plan." 

Chase, Jayni. Blueprint for a Green School. New York: Scholastic, 1995. 

Corson, Walter H., editor, and The Global Tomorrow Coalition. The Global Ecology Handbook· What You 
Can Do about the Environmental Crisis. Boston: Beacon Press, 1990. 

Council on the Environment of New York City. Training Student Organizers Curriculum. Contact: Council 
on the Environment of NYC, 51 Chambers Street, Room 228, New York, N.Y.10007. Phone: (212) 566-0990. 

Hashem, Akbari, Susan Davis, Sofia Dorsano, Joe Huang, and Steven Winnett, editors. Cooling Our Com
munities: A Guidebooh on Tree Planting and Light-Colored Surfacing. Washington, D.C.: U.S. Environmen
tal Protection Agency, Office of Policy, Planning and Evaluation, January 1992. 22P-2001. 

Hubbard, Alice and Clay Fong. Community Energy Worhbook· A Guide to Building a Sustainable Economy. 
Snowmass, Colo.: Rocky Mountain Institute, 1995. 

Hungerford, Harold R., Ralph A. Litherland, R. Ben Peyton, John M. Ramsey, and Trudi L. Volk. Investi
gating and Evaluating Environmental Issues and Actions: Shill Development Program. Champaign, Ill.: 
Stipes Publishing Company, 1992. 

Ingram, Mrill. Bottle Biology. Dubuque, Iowa: Kendall/Hunt Publishing Co .. 1993. 

Lewis, Barbara. The Kid's Guide to Social Action. Minneapolis: Free Spirit Publishing, 1991. 

Lotter, Donald. Earth.score: A Personal Environmental Audit and Guide. Lafayette, Calif.: Morning Sun 
Press, 1993 . 

.Marlin, Alice Tepper, Jonathan Schorsch, Emilly Swaab, and Rosalyn Will. Shopping for a Better World: A 
Quicli and Easy Guide to Socially Responsible Supermarhet Shopping. New York: Ballantine Books, 1992 . 

.Midwest Renewable Energy Association (MREA), P.O. Box 249, Amherst, \,VL 54406. Phone: (715) 824-
5166. 

Public Service Commission of Wisconsin. P.O. Box 7854, .Madison, Wisc. 53707-7854. Phone: (608) 266-
2001. 

Project WILD. Tahing Action! An Educator's Guide to Involving Students in Environmental Action Projects. 
Houston, Tex.: Western Regional Environmental Education Council, 1995. 

RENEW Wisconsin. 222 South Hamilton Street, Madison, Wisc. 53707. Phone: (GOS) 255-4044. 

Rif1{in, Jeremy, editor. The Green Lifestyle Handbooh. New York: H. Holt, 1990. 

Smith, April A. and the Student Environmental Action Coalition. Campus Ecology: A Guide to Assessing 
Environmental {luality and Creating Strategies for Clwngc. Los Angeles: Living Planet, 19~)3. 

Action ldc.1s KEEP Energy Education Activity Guide M 121 

211 



N _. 
N 

> 
" § 
" 
ii 
~ 

;,; 
m 
m .,, 
m 
" ~ 
,;i 
'< 
m 
C. 
C 

~ 
6 
" 
~ 
< 
~· 
C) 
C 
6: 
~ 

J: 

tv 
w 

Work Group 
Public Relations 

Production 

Presentations 

Exhibits 

Program 

Organization 

April 1997 Work Plan 
for the Grand New Energy Conference 

Monday Tasks Tuesday Tasks I Wednesday Tasks 
Write press release for media about conference 

Identify media to contact about conference \Send press release to media 
• television stations 
• newspapers ( city, school district) 
Continue producing T-shirts for Grand A venue students and staff 
Produce folders - obtain number needed from Organization 
Copy evaluation form (get from Organization) 

Assist exhibits in producing displays 
Finalize presentations 
• visual aids • handouts • scripts 
Deliver completed handouts to Production for copying 
Continue work on exhibits (by end of week have five more exhibits finished) 
Develop handout materials and give to production 
Enter final registrations into database and \Confirm registrations to teachers registering via fax 
assign students/teachers to sessions 
Produce lists of all registered groups from database; give these to Organization to include with the confinnations 

Get all materials ready for confinnation 
packet: 
• Fonn from Energy Center 
• Letter, map, etc. copied by Production 
• List of each group from Program 

Produce name tags 

Produce detailed agendas for each group 

Track registration totals and report to Energy 
Center 

Mail confinnation packets which will include: 
• Confinnation letter 
• List of all members of group (from Program's database) 
• Map to hotel 
• Information on parking 
• Form for teacher to fax to Energy Center (ECW will provide) 



Role Descriptio11s for PSC Hearings 

Introduction 
This sheet dcsci·ibcs the roles of individuals and organizations that take part in a Public Service Commis
sion of Wisconsin (PSC) hearing. The roles arc simplified and somewhat altered from those in an actual 
hearing so that the hearing process can be successfully adapted to the classroom. Students and teachers 
who wish to make additional changes to these role descriptions to suit their needs are encouraged to do so. 

Hearing Examiner (one student) 
The Hearing Examiner is in charge of running the hearing and making sure that it is conducted in a fair, 
orderly, and legal manner. It is especially important that the examiner become familiar with the roles 
described on this sheet and the hearing process described in Simulating a PSC Hearing. 

In the event that the Hearing Examiner is unable to conduct the hearing, a Commissioner shall take his or 
her place. 

Court Reporter (one student) 
The Court Reporter keeps a record of all the testimony given at the hearing. Testimony may be recorded by 
taking handwritten notes, typing the record into a computer, using a tape or video recorder, or other · 
means. The Court Reporter also collects copies of written testimony from witnesses after the hearing is 
over and assembles and organizes testimony for the Commissioners to review. 

A video cameraperson (one student) may be used in addition to a Court Reporter if desired. 

Commissioners (three students) 
The Commissioners, like judges, make a decision on a regulatory issue based on testimony, cross-examina
tion questions, and other evidence presented at the hearing. There arc three Commissioners, one of whom 
is the Commission Chairperson. 

During the hearing, the Commissioners listen to testimony and may cross-examine witnesses. After the 
hearing, the Commissioners review all testimony and evidence, and write a brief ruling on the issue called 
a Finding of Fact, Conclusion of Law, and Order. The Chairperson announces the Commissioners' ruling at 
a later meeting. 

A Commissioner may conduct a hearing if the Hearing Examiner is unable to do so. 

Like the Hearing Examiner, it is especially important that Commissioners become familiar with the hear
ing process described in Simulating a PSC Hearing as well as the Role Descriptions for PSC Hear
ings. 

Utility Representatives (two to four students, depending on the issue) 
Representatives from electric or natural gas utilities present plans and raise issues necessary for the utili
ties to conduct business that need regulatory approval from the PSC (see Summary of Regulatory Issues 
for examples). Representatives may include engineers, planners, lawyers, accountants, managers, and 
other utility employees who arc specifically involved in a regulatory issue. They usually do not include the 
president, vice president, or chief executive officer (CEO) of the utility. 

Some issues, such as asking for an electric rate increase, involve only the representatives of one utility. In 
Advance Plan hearings, representatives from one utility often testify on behalf of several utilities if they 
have the same view on the issues. Other issues, such as a merger, may involve representatives from two or 
more utilities. 
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Role Descriptions for PSC I-Iearings 
(continued) 

PSC Staff (three to four students) 
The PSC Staff analyze and critique the regulatory issue Lhat the utilities have brought before the PSC. 
Like utility representatives, the PSC Staff may include engineers, planners, lawyers, accountants, man
agers, and others who arc specifically involved in a regulatory issue. They check to sec if the utilities' 
requests are reasonable, and present alternatives to such requests if necessary. For instance, a natural gas 
utility may want to build a pipeline extension along a certain route. The PSC Staff would review this plan 
and may suggest an alternative route or recommend that the pipeline be built at a later time. 

Intervenors (two to four students, depending on the issue) 
Intervenors represent interest groups who may be affected by or wish to be involved with, a regulatory 
issue. Interest groups may include local governments, state agencies other than the PSC, environmental 
groups, business and industry representatives, consumer advocates, or other citizens' groups. Intervenors 
present their position on an issue and may conduct analysis and provide alternatives to the utilities propos
al if they wish. 

Expert Witnesses (zero to three students, depending on the issue) 
An Expert Witness is often invited by other participants to testify at a hearing to support a particular posi
tion on an issue. For instance, a utility representative or an intervenor may invite an environmental scien
tist to discuss the effects of air emissions produced by coal-burning power plants. Expert witnesses may 
include scientists, economists, policy analysts, university professors, or anyone else who has expertise in a 
field related to the issue being discussed. They may come from Wisconsin or elsewhere in the United 
States. 

Expert Witnesses should not be confused with Intervenors, since experts generally do not have as much of 
a stake in the issue as Intervenors. 

Individual Citizens (remaining students) 
Citizens who do not represent an interest group (see Intervenors) may also attend and participate in 
hearings to express their positions on a regulatory issue_that may affect or concern them. Certain issues 
may affect or concern a citizen directly, such as when a utility considers locating a transmission line on his 
or her property. Other issues may affect or concern a citizen less directly or immediately, such as when a 
utility considers locating a transmission line elsewhere in the state. Citizens may choose to testify as wit
nesses at a hearing or may simply attend the hearing. They may also cross-examine witnesses, even if they 
themselves have not testified. 
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Simulating a PSC Heari11g 

Introduction 
The Public Service Commission of Wisconsin (PSC) uses a hearing process to bring together utility repre
sentatives, intervenors, and citizens to review a major regulatory issue before deciding on it. A hearing is a 
cross between a debate and a courtroom trial. Witnesses give testimony which states their position on an 
issue. Other participants are then permitted to cross-examine witnesses to clarify or challenge the witness
es' positions. Commissioners, like judges, rule on the issue after reviewing all testimony, cross-examina
tions, additional statements, and other evidence. 

The hearing procedure outlined below is a simplified and somewhat altered version of actual PSC hearings. 
Students and teachers are encouraged to further simplify or make additional changes to the hearing proce
dure to suit their needs. 

Preparing for the Hearing 
Utility Representatives Submitting Proposal (suggested time: one 50-minute period) 
Before the hearing begins, the utility representatives write a proposal on an issue. For example, the pro
posal might be an electric or natural gas rate increase or might examine possible routes for a new trans
mission line. Proposals are submitted to the PSC Staff, Intervenors, and interested citizens for review. The 
proposal must include enough information for others to review adequately, and should include supporting 
analysis and information such as cost figures or maps of proposed sites. After utility representatives sub
m(t their proposal, the other hearing participants are given time to review it. 

Preparing Testimony (suggested time: one to two 50-minute periods) 
Participants who wish to express their position on the utility's proposal must prepare to testify as witness
es at the hearing. It is recommended but not required that witnesses write their testimony before the hear
ing. If they write testimony, they should give a copy to the Court Reporter before taking the witness stand. 
Additional evidence to support the testimony, including supporting analysis, maps, photographs, drawings, 
and computer printouts, may be used as part of the testimony. 

The Hearing Room 
See the diagram a Suggested Layout for a Hearing Room. 

Conducting the Hearing (suggested time: one to three 50-minute periods) 
It is recommended that participants briefly review the hearing procedure by going through a five- to ten
minute "practice run," with a witness taking the stand. Participants should begin the hearing when they 
are ready. 

Beginning the Hearing 
The Hearing Examiner begins the hearing by defining its purpose and explaining what the Commissioners 
must decide. The examiner then says, "Let's go on the record," to let the court reporter know that anything 
said afterward is to be recorded as part of the hearing. The examiner then calls the first witness Lo the 
stand. 

Ordering of Witnesses 
Witnesses are to testify in the following order: (1) Utility Representatives, (2) PSC Staff, (3) lntervenors, 
(4) Individual Citizens. Expert Witnesses testify with the group they represent. Changing the order of' the 
appearance of witnesses is subject to approval by the Hearing Examiner. An individual may testify only 
once. On the other hand, any and all members representing a group may testify. However, in the interest 
of time, it is often best to have only one person from each group testify. 
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Simulating a PSC Hearing 
(continued) 

Tahing the Witness Stand 
The Hearing Examiner will call a witness to the stand, have him or her be seated, and ask him or her to 
raise his or her right hand and repeat the following oath: 

"I claim that the testimony I am about to give is, to the best of my knowledge, true and accurate." 

The examiner will then ask the witness to state his or her name, address, occupation, and reason why he or 
she is testifying. After the witness gives this information, the examiner will ask the witness to begin. Wit
nesses may read from the testimony they have written, but are not required to do so. Witnesses are allowed 
up to four minutes to present their testimony. The examiner has the authority to enforce this time limit. 

Cross-Examining 
After witnesses have given their testimony, other hearing participants may ask cross-examination ques
tions regarding the testimony. Cross-examination is to take place in the same order as the appearance of 
witnesses: Utility Representatives first, then PSC Staff, Intervenors, and Citizens. Commissioners may 
cross-examine witnesses after the other hearing participants have <lone so. The main purpose of cross
examination is to further explore the witnesses' positions on an issue. It is not meant to pass judgment on 
their positions. 

The Hearing Examiner has the right to disallow cross-examination that is not in the form of questions or 
that is unrelated to the testimony. The examiner also has the right to limit the number of questions to a 
minimum of two if he or she feels that the cross-examination is taking too long. 

Leaving the Witness Stand 
After the cross-examination, the Hearing Examiner will ask the witness to step down from the stand and 
return to their seat. 

Testifying by Expert Witnesses 
During the hearing, participants may call on Expert \I\Titnesses to testify or offer comments in support of an 
issue. Experts are called on by participants after other hearing participants have testified. Experts may 
choose to write testimony if they wish, but are not required to do so. Participants may cross-examine expert 
witnesses after the experts have testified or commented. However, expert witnesses may not cross-examine 
other participants. 

Ending the Hearing 
After all of the witnesses have given their testimony and been cross-examined, the Hearing Examiner will 
ask if anyone would like to make any closing remarks. Closing remarks are recorded by the Court Reporter. 
After the closing remarks are made, the Commission Chairperson announces when the Commissioners will 
reconvene to read their decision. After this announcement, the examiner says, "The record is complete," 
and adjourns the hearing. The court reporter collects written testimony and all other records, organizes the 
material, and turns it over to the Commissioners. 

Conclusion 
The Commissioners Decide on the Utility's Proposal (suggested time: one 50-minute period or time during 
the day when Commissioners can meet on their own) 
The Commissioners meet separately to review all testimony and material included in the hearing record. 
They then decide whether they should approve, reject, or mocli(y the utility's proposal. Commissioners may 
consult PSC staff for information and advice du1·ing their review. 

After making their decision, the Commissione1·s write a brief ruling on the issue. This ruling is called 
a Finding of" Fact, Conclusion of Law, and Order and includes a summary of the facts that have been 

The Public Sct·vicc Commi_ ,;ion: 

Rcgulacing Wisconsin's Utilities M 109 

216 



Sun1n1ary of Regulatory Issues 
(continued) 

Issue: The Advance Plan Process 
Electric utilities need to build new power plants and transmission lines in the future to meet expected 
growth in electricity consumption and also to replace older facilities. In Wisconsin, before utilities can build 
power plants and transmission lines, they must file their building plans with the PSC. The plans of individ
ual utilities are combined into the Advance Plan, a document that outlines all utility building plans for the 
next 20 years. Commission approval of the Advance Plan gives the utilities general permission to build 
power plants and transmission lines; the Advance Plan does not resolve issues surrounding the precise 
location of these facilities (see Issue: Power Plant or Transmission Linc Siting). 

Points to Consider 
How many new power plants will the utilities need? This number is related to the expected growth in 
electricity consumption due to economic growth, population increases, and the shift to using electricity 
instead of other fuels. 
What kind of power plants do the utilities intend to build? Will they burn coal, oil, or natural gas? Will 
renewable energy resources such as hydroelectric dams, wood, solar, or wind be used to generate elec
tricity? (Note that in Wisconsin, a moratorium on building nuclear power plants currently exists. Until 
reasonable progress is made in resolving nuclear waste disposal and nuclear plant decommissioning 
issues, nuclear plants cannot be included in a utility's building plans.) 
What will be the environmental effects of building more power plants and transmission lines? 
How will building power plants and transmission lines affect electric rates in the future? 
What role does energy conservation play in the utilities' plans? Would increased energy conservation 
reduce the number of power plants that have to be built? 

NOTE: It is recommended that only one or two of these points be addressed during a hearing since the 
issues associated with them range widely. 

What the Commissioners !Must Decide 
Approving, modifying, or rejecting the Advance Plan. 

Resources 
NOTE: Also see Resources listed for Issue: Power Plant 01· Transmission Line Siting. 
Advance Plan 7, filed January 17, 1994. 
Guide to Public Hearings, 1991. 
An Overview to ... Advance Plan Process and You, 1994. 
An Overview to . .. Energy Costs and Planning, 1994. 
An Overview to ... Energy Efficiency ... Demand Side A1anagernent, 1994. 
An Overview to ... Nuclear Power Plant Life Extension, 1994. 
Public Service Commission at a Glance, 1991. 
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Chapter 2 

The Photovoltaic 
Effect 

The photovoltaic effect 
is the basic physical 

process through which a 
PV cell converts sunlight 
into electricity. Sunlight is 
composed of photons
packets of solar energy. 
These photons contain dif
( erent amounts of energy 
that correspond to the 
different wavelengths of 
the solar spectrum. When 
photons strike a PV cell, 
they may be reflected or 
absorbed, or they may 
pass right through. The ab
sorbed photons generate 
<..'lectricity. The energy of 

a photon is transferred to 
an electron in an atom of 
the semiconductor device. 
With its newfound energy, 
the electron is able to es
cape from its normal posi
tion associated with a 
single atom in the semicon
ductor to become part of 
the current in an electrical 
circuit. Special electrical 
properties of the PV cell
a built-in electric field
provide the voltage 
needed to drive the cur
rent through an external 
load. 

Electns:-,c;I 
energ\ 

In the typical PV cell, photon energy frees electrical charge carriers. 
which become part of the current in an electrical circuit. A built-in 
~~lectrical field provides the voltage needed to drive the current 
through an external load. 
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Energy from 
the Sun 

The sun's energy is vi 
to life on Earth. It deter
mines the Earth's surfao 
temperature, and suppli, 
virtually all the energy 
that drives natural globa 
systems and cycles. Al
though some other stars 
are enorn1ous sources of 
energy in the form of 
x-rays and radio signals, 
our sun releases 95% of 
its energy as visible lighl 
Visible light represents 
on! y a fraction of the tot; 
radiation spectrum; in
frared and ultraviolet ra' 
are also significant parts 
of the solar spectrum. 

Each portion of the 
solar spectrum is as
sociated with a different 
level of energy. Within 
the visible portion of the 
spectrum, red is at the 
low-energy end and viol 
is al the high-energy end 
(having half again as 
much energy as red ligh: 
In the invisible portions 
of the spectrum, photon: 
in the ultraviolet region, 



Wavelength (m) 
10-9 10-8 

UUraviolet 

10 17 101G 

Frequency (Hz) 

10-7 

101s 
I 

I 

Visible ,,..... 
I 

10-6 

1014 

I 

10 5 

Infrared 

1013 1012 

103 102 101 

Photon energy (eV) 
1fa I 

I I 
~ 

10 1 10 2 

Solar radiation 

The sun emits virtually all of its radiation energy in a spectrum of 
wavelengths that range from about 2x10-7 to 4x10-6 m. The great 
majority of this energy is in the visible region. Each wavelength 
corresponds to a frequency and an energy; the shorter the 
wavelength, the higher the frequency and the greater the energy 
(expressed in eV, or electron volts; an eV is the energy an electron 
acquires when it passes through a potential of 1 Vin a vacuum). 

which cause the skin to 
tan, have more energy 
than those in the visible 
region. Photons in the 
infrared region, which 
\Ve feel as heat, have less 
energy than the photons 
in the visible region. 

The movement of light 
from one location to 
another can best be 
described as though it 
were a wave, and different 
types of radiation are char
acterized by their individ
ual wavelengths. These 
wavelengths-the distance 
from the peak of one ,,._,ave 
to the peak of the next
indicate radiation with dif
ferent amounts of energy; 
the longer the wavelength, 
the less the energy. Red 
light, for example, has a 
longer wavelength and 
thus has less energy than 
violet light. 

Earth receives a tiny frac
tion of this energy; still, 
an average of 1367 W 
reaches each square meter 
(m2) of the outer edge of 
the Earth's atmosphere. 
The atmosphere absorbs 
and reflects some of this 
radiation, including most 

x-rays and ultraviolet 
rays. Yet, the amount of 
sunshine energy that hits 
the surface of the Earth 
every minute is greater 
than the total amount of 
energy that the world's 
humanpopu~tionco~ 
sumes in a year. 

When sunlight reaches 
Earth, it is distributed un
evenly in different regions. 
Not surprisingly, the areas 

Atmospheric 
scattering _ 

MM 

/ {!.-~ .!7 
j\-~·)\.{1,;11 ,~.~-,,;:ti .... </:s_ (7 ~y,~<-._-1,t;:'.i-;::,7, .r~ 

,~7--tfi.J_:;;;~,--:::_~j-::;,_li 1~r--:,\ ;::- .~,r:::.--:::...l1 
}Absorbed~/ I 1,--=--. 

I /-i.!._t-t-. 

•-!' 

Diffuse 

BA-GOG33315 

Each second, the sun 
releases an enormous 
amount of radiant energy 
into the solar system. The 

The Earth's atmosphere and cloud cover absorb, reflect, and scatter 
some of the solar radiation entering the atmosphere. Nonetheless, 
enormous amounts of direct and diffuse sunshine energy reach the 
Earth's surface and can be used to produce photovoltaic electricity. 
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Although the quantity of solar 
radiation striking the Earth varies 
by region, season, time of day, 
climate, and air pollution, the 
yearly amount of energy striking 
almost any part of the Earth is 
vast. Shown is the yearly average 
radiation on a horizontal surface 
across the continental United 
States. Units are in kWh/m2. 

near the equator receive 
more solar radiation than 
anywhere else on Earth. 
Sunlight varies with the 
seasons, as the rotational 
axis of the Earth shifts to 
lengthen and shorten days 
as the seasons change. The 
amount of solar energy 
falling per square meter 
on Yuma, Arizona, in June, 
for example, is typically 
about nine times greater 

kWh/m2 

li1 Less than 3.32 
~3.32-3.88 
03.88-4.43 

device or solar cell efficien
cy. It is defined as the 
amount of electricity 
produced divided by the 
sunlight energy striking 
the PV device. Scientists 
have concentrated their 
R&D efforts over the last 
several years on improv
ing the efficiency of solar 
cells to make them more 
competitive v,1ith conven
tional power-generation 
technologies. than that falling on 

Caribou, Maine, in 
December. The quantity An Atomic 

Description of 
Silicon 

@4.43-4.99 
~4.99-5.54 
II Greater than 5.54 

gives us a basic under
standing of how it works 
in all devices. 

All matter is composed 
of atoms. Atoms, in turn, 
are composed of positively 
charged protons, negative
ly charged electrons, and 
neutral neutrons. The 
protons and neutrons, 
which are of approximate
ly equal size, comprise the 
dose-packed central 
nucleus of the atom, where 
almost all of the mass of 

of sunlight reaching any 
region is also affected by 
the time of day, the climate 
(especially the cloud cover, 
which scatters the sun's 
rays), and the air pollution 
in that region. These 
climatic factors all affect 
the amount of solar energy 
that is available to PV 
systems. 

The amount of energy 
produced by a PV device 
depends not only on avail
able solar energy but on 
how well the device, or 
solar cell, converts sun
light to useful electrical 
energy. This is called the 

We use crystalline 
silicon to explain the 
photovoltaic effect for 
several reasons. First, crys
talline silicon was the semi
conductor material used in 
the earliest successful PV 
device. Second, crystalline 
silicon is still the most 
widely used PV material. 
And third, although other 
PV materials and designs 
exploit the PV effect in 
slightly different ways, 
knowing hO\v the effect 
works in crystalline silicon 

All matter is composed of atoms. 
Positive protons and neutral 
neutrons, making up the bulk of 
the weight of an atom, are tightly 
packed in the nucleus. Negative 
electrons revolve around the 
nucleus at different distances, 
depending on their energy level. 
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As depicted in this simplified 
diagram, silicon has 14 electrons. 
The four electrons that orbit the 
nucleus in the outermost, or 
valence, energy level are given 
to, accepted from, or shared with 
other atoms. 

the atom is located. The 
much lighter electrons 
orbit the nucleus at very 
high velocities. Although 
the atom is built from op
positely charged particles, 
its overall charge is neutral 
because it contains an 
equal number of positive 
protons and negative 
electrons. 

The electrons orbit the 
nucleus at different distanc
es, depending on their 
energy level; an electron of 
lesser energy orbits dose 
to the nucleus, while one 
of greater energy orbits 
farther away. The 

electrons farthest from the 
nucleus interact with those 
of neighboring atoms to 
determine the way solid 
structures are formed. 

The silicon atom has 
14 electrons. Their natural 
orbital arrangement al
lows the outer four of 
these to be given to, ac
cepted from, or shared 
with other atoms. These 
outer four electrons, called 
valence electrons, play 

-- -- -- ------ - -·:- --- -

an important role in the 
photovoltaic effect. 

Large numbers of 
silicon atoms, through 
their valence electrons, 
can bond together to form 
a crystal. In a crystalline 
solid, each silicon atom 
normally shares one of its 
four valence electrons in 
a covalent bond with each 
of four neighboring silicon 
atoms. The solid, then, 
consists of basic units of 

-----------~ 
-----------==--~ 

tl··············· ···· ··············· . 
In the basic unit of a crystalline silicon solid, a silicon atom shares 
each of its four valence electrons with each of four neighboring 
atoms. 
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Activity 5 

POWER 

INTRODUCTION 
Power is the rate of converting energy. 
The concept and units are essential to 
understand other energy problems and 
issues. 

HANDOUTS 
Student Activity Sheet 4, Power. 

MATERIALS 
• Bath room scales. 
• Ruler 
• Stopwatch. 

SUGGESTED PROCEDURE 
1. Briefly review the concept of energy. 

2. Discuss with students the concept of 
- power. Ask for student ideas. 

'-"~-----_ . ~---·--~ 

..,-,,...-~~- · :-· ]. Issue students with copies of Student 
Activity Sheet 4. 

4. \X/ork through the student activity 
.... , , ,· ... ,. sheet with students indicating to them 

. . · · ··· · , · '· · <.:..-'~ the questions and activities that you feel 
·· · ,.,"" ~-t"t . · ---~--- · .:,, .. _ it is appropriate for them to attempt. 

~:-~ . . ~ 
......... ~ \; . \.- ~-.--,-~,...~ 

-~~, ~~i . .;;~~.,_.~~~ '1,. ~ •• ~ • ·: ~·.- ·--- ""';, 

. ~.-.....-... '-""'·-. \ \. '\. , ..... 

·-~..,.\,\~""'°.:•.;~SZ· .:: ~ '"" :'--~~- SUMMARY OF SECTION 1 
~)\\\~·~~ ... \-·· .... ' .•. \ / . •' - / . 

• -~·:\:-:,' .;°' < · .> "/. · . · Overhead Transparency Master 2 can be 
·· ·, · ---·.,..,--,✓y•\ · used to summarize this section. 

/' ... 
. · -· \ 

7his large 1 M\f/ PV array provides 
electricity for the people of 
Sacramento, Califonzia. 7be array 
is next to the Rancho Seco nuclear 
power plant (photo from ANCO 
Sola,) 
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STUDENT ACTIVITY SHEET 1 NAME 

ENERGY TRANSFORMATIONS 

Note: /3uxes 11wrhed • are c!Ufi'cult. You should attempt others .fi'rst. 

T O\FROM HEAT LIGHT MECI-IANICAL CHEMICAL ELECTRIC NUCLEAR 
Thermal Radiant Movement 

• • 
IIEAT 
Thermal 

LIGHT • • 
Radiant 

N --...... 
'° • 

MEC! lANICAL 
Movement 

--· 

CHE:\i11CAL 

• 
ELECf'IUC 

• • 
NUCLEAI{ 

'-!_I 



2. The following table shows the energy efficiency of some common "energy 
converters" 

Complete the table by calculating how much useful energy (energy output) is 
"produced" if 300 units of energy are supplied to each energy converter. 

ENERGY CONVERTER ENERGY ENERGY OUTPUT IF 300 UNITS 
EFFICIENCY OF ENERGY SUPPLIED 

Electric motor 60% 

Steam train 8% 

Diesel engine 35% 

Solar hot 50% 
water collector 

Coal-fired 
power station 30% 

The calculation of energy efficiency can be a little more difficult when a chain of 
energy transformation is involved. rn these cases the overall energy efficiency is 
calculated by multiplying the individual efficiencies together. 

e.g. A ----::,- B --r C -----'7 D 
x% y% z% 

Overall Efficiency (A to D) = x% x y% x 2%. 

Using an example from transportation, an automobile engine has an energy efficiency 
of about 20%. That is, only one-fifth of the fuel burned in the engine is converted to 
useful work turning the driveshaft. The rest is lost out the exhaust pipe or through 
friction within the engine. Friction losses in the transmission and between tires and 
the road reduce efficiency another 30%. So the gasoline in your car's tank nets you 
(20% x 30%) or 6% of its energy to move your car. Even this example is incomplete. 
What was the efficiency of putting that gasoline in your tank? ft had to be pumped 
out of the ground, refined, and hauled to your local gasoline station. 
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3. Using the figures in the diagram below calculate: 

(a) The overall energy efficiency, starting with crude oil, of running a car. 

lllkiencv £JI PeTro/evm vse - --

J11'/;at % or lhr::. 
ooj;in-al ener,9y 
mol/e s 7/Je car? 

~-4 
L@'---~ 

(b) If there are 6,400 megajoules of energy contained in a barrel (160 liters) of 
crude oil, how much of this energy can actually be transformed to energy to move 
a car? 

(c) Calculate the overall efficiency of obtaining light energy from coal given that a 
coal-fired power station produces electricity at 30% efficiency and light bulbs 
convert electricity to light with an efficiency of 5%. 

It is obvious from the above examples that the amount of useful energy is reduced 
after any energy transformation. Most of the "wasted" energy usually ends up in the 
form of heat, (e.g., friction in car engine and between tires and the road). In most 
cases this waste heat cannot do useful work. 

SUMMARY 
1. Whenever energy is transformed from one form into another: 

(a) the total quantity of energy remains the same. 
(b) the quality (amount of useful energy) always decreases. 

2. The energy efficiency of an energy transformation (or energy converter) can be 
calculated using the formula: 

Energy efficiency= energy output(useful energy) x 100 
energy input 1 
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STUDENT ACTIVITY SHEET 3 NAME 

ENERGY UNITS AND CALCULATIONS 

The metric unit of energy is the Joule 
(J). 1 joule is a fairly small amount of 
energy. It is equivalent to: 

• Lifting a 100 g mass to a height of 1 
meter. 

• Raising the temperature of 1 ml. of 
water by 1/4 °C. 

• Turning a 40W electric light bulb on 
for I/ 40 second. 

• 1 crumb (.0001 g) of bread. 

• 1 tiny drop (.00003 ml) of gasoline. 

• The amount of energy a person uses 
in 1/100 second. 

• The amount of heat "producedu by 
small heater in 1/1000 second. 

• The amount of the sun's light energy 
falling on a IO cm2 area of ground in 
1 second. 

Because 1 joule is such a small amount 
of energy we tend to use the following 
units: 

Kilojoule (kJ) = 1000 joules 
("kilo" means a thousand or 103) 

Megajoule (MJ) = 1000,000 joules ("mega" 
means a million or 106) 

Giga joule (GJ) = 1,000,000,000 joules 
("giga" means a billion or 109) 

Now ask your teacher about some experiments that will show you how much energy is 
used in various activities. 

Q.1. Complete the following table: 

ENERGY TYPE OF ENERGY lYPE OF ENERGY 
CONVERSION "USED'• "PRODUCED" 

Lifting a weight food (chemical) energy Mechanical and heat 

Heating water 
over a gas 
flame 

Turning on an 
electric light 

Driving a motor 
cycle 
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Calculating the Amount of Energy "Used" 

1. Energy used to lift an object to a height. 

E (joules) = mass (kg) x 9.8 x height (m) 

2. Heat energy used to heat water. 

E (joules) = volume (ml) x 4.2 x temp rise (°C) 

3. Electrical energy used 

E (joules) = 
or 
E (kWh) = 

power (watts) x time (sec) 

power (kilowatts) x time (hours) 

4. Chemical energy available in gasoline. 

E (joules) = 37,000,000 joules per litre (or 37 
Megajoules per litre). 

5. Energy in Food 

FOOD 

1 glass of milk 
1 bowl of cornflakes 
1 bar of chocolate 
1 slice of apple pie 
1 piece of chicken 
1 piece of cake 
1 Iamb chop 
1 raw apple 
1 potato 
1 orange 
1 slice of bread 
1 spoon of honey 
1 cup of tea or coffee 
1 carrot 
1 tomato 
1 teaspoon of sugar 

KILOJOULES 

1700 
1500 
1400 
1000 
800 
700 
600 
400 
400 
300 
300 
300 
100 
100 
100 
80 
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CALORIES 

400 
355 
330 
240 
190 
165 
140 
95 
95 
70 
70 
70 
25 
25 
25 
20 



-------------------------- ---

NOTE· You will find that the most common energy units used are as follows. 

For Food Energy ___________ Kilojoules (kJ) or Calories 
For Fuels Megajoules (MJ) 
For Heating (cg. water heating) Megajoules (MJ) 
For Electricity Kilowatt hours (kWh) 

(1 kWh = 3.6 MJ) 

Q.2 Complete the following table by calculating the energy used in each situation. 

ENERGY CONVERSION 

A book of mass 2 kg is lifted 1.5 m 
on to a shelf 

900 ml of water (enough) to make 4 
cups of coffee) is heated 
from 15 C to 100 C. 

A 1000 watt electric heater is left 
on for 2 hours 

A car which uses 1 litre of gasoline 
per 10 km is driven for 50 km 

ENERGY USED 

Q.3 Using the food energy table make up a daily menu for yourself and calculate the 
total energy of the food you would eat (Note: The average person needs about 11,000 
kJ of food energy per day). 

;YJe;;-/ Melli/ £//e0y 

Bre?f/4sr 
Lv11c/2 
D10/1e;-

Sn;;c.k__ 

k)J;]_/ 

224 
56 



57 

STUDENT ACTIVITY SHEET 4 NAME 

POWER 
Time is a factor in all energy transformations. The term power allows the time factor to 
be taken into consideration. Power means the energy available (or "used") in a given 
time - for example so many joules per second. 

Power then is the rate at which energy is "used" or work is done. 

In many situations a low powered machine can do the same work as a high powered 
machine except that it takes more time. For example, a young boy may be able to lift 
one hundred 10 kg boxes up on to a shelf 2 meters high in 10 minutes. A strong man 
may take only 5 minutes. Both have uusedff the same amount of energy but the man's 
power is twice that of the boy's in this situation. 

Power can be calculated using the following equation. 

POWER (Watts) = ENERGY {Joules) 
TIME (seconds) 

(One watt is one joule per second) 

The power rating of electrical appliances is usually given in watts. (E.g., A 1700 watt 
electric kettle ffusesff 1700 joules of electrical energy per second). 

QUESTIONS 
1.fn the above example calculate: 

(a) The amount of energy "used" by the 
boy. 

(b) The amount of energy "used" by the 
man. 

(c) The power of the man. 

(d) The power of the boy. 
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Other Power Units and Equations 

Another common term, normally used for bigger electric motors, cars, outboard motors 
etc. is horsepower. 

1 horsej_XJwer = 746 watts. 

Electrical power can also be calculated as: Power ( watts) Amps x Volts. 

2. Calculate the power output (in watts) of the following: 

(a) a 20 horsepower outboard motor. (b) a 200 horsepower car. 

3. A 240 volt electric refrigerator draws a current of 2 amps. Calculate its power rating. 

How Much Power Do You Have? 
Equipment Needed 

• Bathroom scales (if you know your own weight you won 'l need these). 
• Ruler 
• S1opwa1ch. 

Method 

1. Locate a stairway in your school or neighborhood where it is possible to climb a Oight 
of stairs without interruptions. 

2. Taking turns with another student, climb these stairs slowly and steadily while your 
partner records starting and stopping times. 

3. Calculate the total distance climbed by multiplying the height of one step (in 
centimeters or meters) by the total number of steps. Record this on the chart provided. 

4. Measure or calculate each student's mass in kilograms. Record this on your chart. 

5. Climb the stairs again, as fast as possible this time. Have your partner record the 
time. Then do the same for your partner. 

6. The same amount of work was done each time you climbed the stairs, because the 
amount of material (yourself) and the distance it moved were the same. But the power 
required was different; power has a time factor in it. 

Calculate the power required each time you climbed the stairs. 
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Power = Energy {J) 
Time (s) 

= Mass (kg) x 9.8 x height (m) 
Time (s) 

Example : For a 65 kg person climbing 6 meters in 10 seconds. 

Power = 65 kg x 9.8 x 6 m 
10 sec. 

= 38~~ 
10 

= 382.2 watts 

RESULTS 

MEASUREMENTS AND CALCULATIONS 

~ ,~v 
~~~ 

Height of one step (m) 

Number of steps climbed 

Total distance climbed (m) 

Mass of students (kg) 

Time required (sec) 

Power required. 

CONCLUSIONS 

CUMilfNG STAIRS 

SLOWLY RAPIDLY 

1. Compare the results on the chart for climbing rapidly vs. climbing slowly. What do 
they tell you about energy and power? 

2. Did you see or feel any difference between climbing slowly and climbing rapidly 
that does not show up on your chart? Explain. 

3. A light bulb "uses" 30,000 joules of energy in 5 minutes. Calculate the power 
rating of the bu lb. 

4. A 1500 watt hair dryer is operated for 10 minutes. ffow much energy is "used"? 
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EXTENSION ACTIVITIES 

1. POWER 0 MACHINES" 

Each of the "machines" listed below converts energy (food or fuel or natural force) into 
power. 

Basic Converter Typical Power Output 
(in kilowatts) 

Humans ______________ 0_1 

Ox 0.2 
Horse 0.5 
Windmill 15. 
Waterwheel 300. 
Steam engine 2,000. 
Internal combustion engine 10,000. 
Gas turbine 80,000. 
\Xlater turbine 100,000. 
Steam turbine 1,000,000. 
Liquid fuel rocket 16,000,000. 

Use a graphical method or some other interesting method to show the power outputs of 
the machines listed on the table above. 

2. HOME ENERGY AUDIT 
Students should check each of the electrical appliances that are in their own homes. 
These should be listed and the power rating noted. Using the following formula, students 
can determine actual amounts of electrical energy consumed in their homes: 

ENERGY = POWER (in Watts) X TIME 
1000 

Example: Electric coffee pot used 1/2 hour per day: 

1/2 hour per day 

therefore: 
ENERGY 

0.5 hrs/ day x 30 days/month 
15 hours/month 

15 hrs/month x 890 watts 
1,000 

13.4 kWh/month 

NOTE: To complete these exercises you will need to know the power ratings (in watts) 
of appliances. These may be obtained from the actual appliance (homework!) or from 
your local utility. The "Appliances" section of 11Je Autonomous llousecomputer software 
package will provide useful background to this activity. 
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OVERHEAD TRANSPARENCY MASTER 2 

Energy is the ability to do work. Energy can exist in 
many forms. These include: 

HEAT 
(Thermal) 

CHEMICAL 

LIGHT 
(Radiant) 

ELECTRICAL 

MECHANICAL 
(Movement) 

NUCLEAR 

Energy can be transformed from one form to one or 
more other forms. In every energy transformation 

(a) the total QUANTITY of energy remains the 
same (energy is not lost or consumed) 

(b) the QUALITY of energy decreases (the 
amount of useful energy decreases). 

ENERGY Useful Energy Output x 100 
EFFICIENCY = Energy Input 1 

The basic energy unit is 
the JOULE. The basic 
power unit is the WATT. 
Power is the rate of 
using energy. 

Power = Energy 
Time 

1 Kilojoule (kJ) = 103 J 
1 Megajoule (MJ) = 106 J 
1 Gigajoule (GJ) = 109 J 

Energy can be calculated using the following equations 
E (mechanical) - rn x 9.8 x h x time (9.8 = gravity) 
E (heat) - m x 4.2 x Lit 
E ( electrical) = power x time 
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Why Use Renewable Energy? 

Summary 
Students analyze the results of interviews with home and busi
ness owners to determine why they use renewable energy. 

Objectives 
Students will be able to 

identify things that influence 
home and business owners to 
use renewable energy; and 
discuss the pros and cons of 
using renewable energy 
resources to meet current and 
future energy needs. 

Rationale 
Interpreting reasons why people 
choose to use renewable energy 
enhances students' abilities to 
make their own energy choice 
decisions. 

Materials 
Overhead transparency of 
Renewable Energy Influ
ences Chart Student Page 
(optional) 
Copies of H1hat Horne and 
Business Owners [lave to 
Say about Using Renew
able Energy (optional) 
Copies of Contacting and 
Interviewing Horne and 
Business Owners Who Use 
Renewable Energy 
Copies of Sample Survey for 
Renewable Energy Home or 
Business Owners 
Copies of Analyzing the 
Results of Interviews with 
Home or Business Owners 
H1ho Use Renewable Energy 
Resources 

Kttf~ E:nergy tducation Activity <...:,wde 
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Background 
A growing number of people in 
Wisconsin use the sun to heat 
their homes and businesses at 
night. How can this be? Are they 
able to make the sun shine at 
night? No. Many of these home 
and business owners have houses 
and buildings that are designed 
to store the sun's heat during the 
day and reradiate it throughout 
the evening. Other homes and 
businesses burn firewood. Wood 
contains stored energy from the 
sun (trees convert solar energy to 
chemical energy through the 
process of photosynthesis). Some 
homeowners and business owners 
use sunlight to generate electrici
ty, or they may use the wind, 
which is a renewable energy 
resource created by the sun. 

Renewable energy systems use 
resources that are constantly 
replaced. Examples of renewable 
energy resources that are used for 
home heating and electricity 
include solar, wind, biomass 
(wood), and hydropower (falling 
water). In Wisconsin, about four 
percent of the energy consumed 
by residents comes from renew
able resources; most of this 
energy (80 percent) is from wood, 
and the rest is solar. For informa
tion on each of the renewable 
energy resources and how they 
can be used in homes and busi
nesses, sec Fact Sheets. There 
arc as many things that influence 
people to choose renewable 
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energy resources. The Renew
able Energy Influences Chart 
identifies several of these influ
ences. 

Today's technological advance
ments have developed more effi
cient means of harnessing and 
using renewable energy sources, 
and these sources are gaining 
increasing popularity. They offer 
us alternatives to nonrenewable 
energy sources, such as nuclear 
(which has safety and disposal 
issues), oil, coal, and natural gas 
(which can cause acid rain and 
may contribute to the overall 
warming of Earth's atmosphere 
known as the "Greenhouse 

Effect"). Existing renewable ener
gy installations are making sig
nificant contributions to the U.S. 
energy supply, and research 
activities are demonstrating the 
far-reaching impact that a 
greater reliance on renewable 
energy sources could have on our 
country's energy security. In addi
tion, ongoing and planned 
research offers still more possibil
ities. 

Procedure 
Orientation 
Ask students to list energy 
resources used to heat and power 
their homes. If they say "electrici-

ty," determine which energy 
resources are used to generate 
the electricity. Have students 
identify which resources are 
renewable and which are nonre
newable. Add renewable 
resources, such as solar, wind, 
and hydropower, to the list if they 
are not mentioned. 

Review or have students research 
different ways renewable energy 
is used in household heating and 
other activities (see Back
grnund). 

Steps 
I. Tell students that there are 

a number of homes and 

Renewable Energy Influences Chart 

influence Description 

Already in place Uses renewable energy resources because the home or business already 
had renewable energy use apparatus when purchased. 

Desire for May not want to depend on a large corporation for energy. 
independence 
Distance from utility Decided to use renewable energy resources because it was impractical 

and expensive to connect power lines to homes or businesses located in 
remote areas. 

Economic Argues that nonrenewable are cheaper because they arc subsidized. 
When the real costs and impacts of fossil and nuclear fuels arc 
considered, renewablcs become much more competitive. Using renewable 
energy resources may avoid short-tcm1 price shocks and long-tcm1 price 
increases 

Affordability Because a 1_najor component of a household's budget is energy costs, 
asserts that a house that uses energy efficiently and renewable energy 
tcchnoloo:ics makes it more affordable. 

Creating jobs Advocates that building homes with renewable energy technologies 
requires that skilled workers be available in Wisconsin (as opposed to in 
different states or countries). 

Promote energy Because Wisconsin imports 94 percent of its energy (petroleum, natural 
resource autonomy in gas, coal, and nuclear fuels), advocates supporting the Wisconsin 
Wisconsin economy by buying technologies that use resources found in Wisconsin, 

such as wood, water, wind, and sunlight. 

Environmental and Maintains that fossil fuels pollute the environment and nuclear resources 
human health arc dangerous. 

Interest in technology Enjoys trying out new things and making changes to the structural and 
functional workings of the home or business. 

Proximity of resource Uses renewable energy resource because it is available within the local 
environment; that is, the proximity of a resource (such as wood on 
property to be used in a woodstovc) makes it a good option. 

Sustainable Points out that nuclear and fossil fuels arc nonrenewable, and will 
development eventually run out !Jelicves with proper management and efficient use, 

renewable resources arc essentially limitless 

Cultural/religious Desires maintaining the traditional way of doing things. 
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businesses in Wisconsin that 
use renewable energy 
resources as their primary 
energy source. 

2. Show students a copy of 
Renewable Energy Influ
ences Chart (Student Page) 
(use an overhead transparen
cy, draw the chart on the 
chalkboard, or hand out 
copies of the student page). 
Have students list things that 
influence people to choose 
renewable energy within the 
chart and provide a brief 
description of each influence. 
(Several items have already 
been included in the Renew
able Energy Influences 
Chart within the Back
ground. Other ideas for 
influences can be adapted 
from the Value Descriptors 
chart found on page E 175 
within the Per[ orrnance 
Standard Activity: "Investi
gating Effects of Energy 
Resource Development and 
Use.") 

3. Inform the class that they 
will find out for themselves 
which of these influences lead 
people to use renewables. Stu
dents will analyze interviews 
to determine which values are 
prevalent in their responses. 
NOTE: If it, is not feasible for 
students to conduct their own 
interviews, they can read the 
interview results described in 
What I£ome and Business 
Owners Have to Say about 
Using Renewable Energy. 

L Hand out and discuss 
Contacting and Interview
ing Horne and Business 
Owners lV/w Use Renew
able Ener1;y and Sample 

Survey for Renewable 
Energy Home or Business 
Owners. Decide if this project 
will be done in small groups 
or as a class. NOTE: If this 
activity will be repeated sev
eral years in a row, you may 
want to encourage students to 
locate new home and business 
owners each year, ask the 
home or business owners if 
they mind being contacted 
yearly, or save the interview 
results from the first year to 
be used by students in the 
next class. 

If it is a class project, the 
whole class locates one 
business or home. In this 
case only a few students 
will be directly involved 
in finding someone to 
interview. Unless the 
whole class plans to take 
a field trip to the home or 
business, sending the 
home or business a survey 
in the mail may work bet
ter than having only one 
student conduct the inter
view. The class can work 
together to develop the 
survey and analyze the 
results. 
If it is a group project, 
each group should locate 
a different home or busi
ness to interview. Group 
members can be responsi
ble for specific tasks. 
Duties include locating 
homes or businesses that, 
use renewables, develop
ing or adapting the sur
vey form, contacting the 
home or business owner, 
and scUing up and con
ducting the interview. 
The group should work 
together to analyze the 
results, however, one 
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student can be chosen to 
present the results to t,hc 
class. 

5. Give students a deadline for 
contacting the home or busi
ness owner and conducting 
the interview. 

6. After the interviews are com
pleted, hand out and discuss 
Analyzing the Results of 
Interviews with Home or 
Business Owners Who Use 
Renewable Energy 
Resources. Have students 
use this activity sheet to ana
lyze the results of the inter
view. 

Closure 
Revisit the Renewable Energy 
Influences Chart Student Page 
developed earlier in the activity. 
Have students present the results 
of their analysis, identifying 
which influences on the chart 
were most prevalent or how the 
chart needed to be adjusted to 
better represent what they 
learned. 

Ask students if they would use 
renewable energy resources in 
their future home or business. 
Students' defense of their reason
ing can be used to evaluate their 
understanding of the reasons why 
people choose to use renewable 
energy resources (see Asscss
mcnl). 

Assessn.1.ent 
Formative 

How insightful were influ
ences students suggested for 
Lhc Renewable Energy 
Influences Chart Student 
Page? 
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Sample Survey for Renewable Energy 
Home or Business Owners 

Home or Business owner's name: 
Address: --------------------------------
Date of interview: 

a) \Vhich renewable energy resource(s) do you use in your home or business? Circle 
those that apply. 

Solar: Water heater 
Photovoltaic 
Passive solar design 
Other: ___ _ 

Wind: Wind turbine 
Windmill 
Other: -----

Hydro: Privately-owned 
Hydroelectric generator 
Other: -----

Biomass: -------
Wood ( space heating) 
Other: -----

Other: 

b) Why did you decide to use renewable energy resources in your home or business? 

c) What, if any, adjustments to your lifestyle have you made to live/work comfortably in 
your home or business? Which do you like? Which do you find inconvenient? 

d) How would you respond if someone said to you: "I've often thought about using 
renewable energy resources, but ________________ " 
(Fill in the blank with one or more reasons you've heard or can think of why people don't use 
renewables. Then provide a response for each reason.) 

e) Is there anything else you'd like to add? 

Remember to thank the person for taking the time to answer these questions. 
*If this survey is to be mailed, be sure to include a cover letter (sec Template for Cover Letter) and remove 
this and the previous sentence from their copy. 
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What Home and Busi11ess Owners Have to Say 
about Usi11g Ren.ewable Energy 

(continued) 
Respondent number 2 

We heat the house with a wood stove in the basement. There are things that I like 
and dislike about this. 

Pros of using wood 
* Renewable resource. 
* The heat feels good, not like forced air. 
* Chopping and stacking wood is good 

exercise. 

Cons of using wood 
* There is a lot of dust and bark to 

continually clean up. 
* Can 't just turn up the thermostat 

when you are cold; need to work 
for heal. 

* I feel bad about cutting trees, so I 
try to replant some each year to 
make up for my wood 
consumption. 

d) How would you respond if someone said to you: "I've often thought about using 
renewable energy resources, but they don't work in this climate." 

We get I 00% of our energy (electrical) from our own power system. With the proper 
combination of P. V. cells and battery storage, you can make enough electricity to 
meet your household needs. If renewables don't work in Wisconsin, then why am I 
able to do this? 

e) Is there anything else you'd like to add? 

Our use of oil, coal, and nuclear fuels is one of the major environmental concerns 
facing the planet. We have the technology to change to more environmentally friendly 
energy source. All we need now is the commitment of individuals, businesses, and the 
utilities. 
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What Home and Business Owners Have to Say 
about Using Renewable Energy 

(continued) 

Respondent number 3 

a) Which renewable energy resource(s) do you use in your home or business? Check those that apply. 

Solar: 

Wind: 

Water heaterv 
Photovoltaicv 
Passive solar designv 
Other: solar hydronic 

heating system 

Wind turbine 
Windmill 
Other: I 000 watt wind 

generator 

Hydro: Privately-owned Hydroelectric 
generator 

Other: ------

Biomass: Wood (space heating)v 
Other: Masonry stove 

Other: Sun oven 

b) Why did you decide to use renewable energy resources in your home or business? 

/. I am very much opposed to the use of nuclear power for electricity generation. When I built my 
house it was not yet clear if more nuclear power plants might be built and I did not want the 
addition of the electrical needs for my house to be part of an electrical utilities argument for the 
need for another nuclear generator. 

2. I beliel'e a responsibly cared for renewable energy home is easier on the environment. 
3. It's Jun. I enjoy the process of making my home more energy efficient and environment friendly. 

c) What, if any, adjustments to your lifestyle have you made to live/work comfortably in your home or 
business? Which do you like? Which do you find inconvenient? 

When my electrical system was small, just 75 watts of Photovoltaics to charge a single pair of 
batteries, I was only able to use lights and a radio. I learned quickly to turn off any light I wasn't 
using. At that stage and a couple years later when my system was large enough to handle refrigeration 
I became very aware of the weather, specifically sunny versus cloudy days. I tended to concentrate 
tasks that take electricity (laundry and vacuuming) to sunny days. I still do, but mostly out of habit 
now. With the addition of more P. V panels and the wind generator I seldom worry about running low 
on electrical power now. In the wintertime, sunny days do still make a difference. On sunny days there 
is no need to add wood to the fire in the stove, the passive and active solar heating systems keep the 
house nice and warm. 

d) How would you respond if someone said to you: "I've often thought about using renewable energy 
resources, but it is so expensive. 

Start small. Buy just a few I'. V. panels instead of trying to replace al! your utility energy with 
renewable energy - just replace some. Or, start with a solar water heater which will save you money in 
the long run. When building a new house using a passive solar design just makes sense and does not 
have to be more expensive than a traditional design. 
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Soldiers Grove: A1nerica's 
First Solar Village 

Adapted from Decker, William S. 'l'l,c .Mahing of a Solar \lil!agc: A Case Study of a Downtown Dcuclopmcnl f'rojccl at Soldiers Grove Wisconsin. Madison 
Wisc.: Wisconsin Energy Extension Service, 1980. Used by permission of Enginecrging Professional Development Divison of Wisconsin Energy Extension, 
Service. All rights reserved. 

Soldiers Grove is a typical Midwestern village, founded more than 100 years ago on the banks of the Kick
apoo River. The community's riverside location made good sense-the Kickapoo was a major factor in the 
life and the economy of Soldiers Grove. But shortly after the turn of the century, the Kickapoo turned from 
friend to foe. The river began to flood. Logging, then farming and urbanization severely diminished the 
land's ability to absorb runoff and rainfall. The Kickapoo hit Soldiers Grove with major floods in 1907, 
1912, 1917, and 1935. The 1935 flood finally made it clear to the village that flooding was a serious and 
permanent problem. In 1937, Soldiers Grove joined other Kickapoo communities in petitioning Congress for 
a flood control project. 

The U.S. Army Corps of Engineers presented its final plan for a levee in early 1975. The levee would cost 
$3.5 million, yet would protect about $1 million worth of property. However, the dike would do little to 
solve many of the village's problems-the emigration of young people to urban areas, the severe blight in 
the downtown, and the feeling that Soldiers Grove was slowly dying. 

Because their backs were against the wall, community leaders believed the only way to save the village 
was to make a radical proposal. They suggested that the federal government spend the same $3.5 million to 
help the community evacuate its floodplain and rebuild the business district on higher ground. 

The community asked the University of Wisconsin-Extension for final planning help, and the Extension 
responded by forming a task force to study four phases of the move: site planning, legal tools to guide 
development, economic counseling for individual businesspeople, and energy systems that might be used at 
the new downtown. 

With an innovative and positive mindframe, village leaders wanted the new business district to be as for
ward-looking as possible. One problem plaguing the community was the rising cost of oil. It seemed clear 
that the new construction would be an opportunity to minimize future energy costs, allowing businesspeo
ple to better afford their new investments and to keep the costs of goods and services as low as possible for 
the village's low income residents. 

Late in 1978, the University formed an energy task force which recommended maximum thermal efficiency 
in the new buildings and passive solar heating. Under contract with the village, architects drew a master 
plan for the new downtown. The plan proposed that each building be so well weatherized that it would con
sume only four Btu's of heating energy per square foot per degree day-a standard which would make the 
buildings many times more efficient than the typical commercial structure in Wisconsin. In addition, the 
firm proposed that each building be required to collect at least half its heating energy from the sun. Care
ful analysis showed the standards were practical and economical. 

True to predictions, businesspeople found that site-built solar systems, made integral in design and con
structions did not increase building costs. Construction of the solar buildings cost the same as other compa
rable but conventional buildings in the region. Yet the typical new commercial building in Soldiers Grove 
received at least 75 percent of its space and water heating energy from solar systems and required little or 
no fossil fuel for space conditioning. 
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Soldiers Grove: A1nerica's First Solar Village 
(continued) 

While obviously improving the physical condition of the community, the project also has had a profound 
effect on the psychology of the villagers. Solar heating is substantially increasing their sense of self-reliance 
and immunity from the uncertainties of fossil fuels. At the same time, it has provided an energy source 
consistent with their strong environmental values. 

At first glance, Soldiers Grove seems to have been presented an unusual opportunity to utilize solar energy 
through the complete reconstruction of the commercial district. But many of the lessons offered by the pro
ject apply wherever new construction or the rehabilitation of existing buildings are being considered. 
Among these lessons are that 

energy efficiency and the potentials of passive solar heating ought to be routine considerations in the 
planning of community development projects; 
the benefits of energy efficiency and solar heating are clear and understandable, even to laypeople; 
site-built solar systems, made a normal part of planning and construction, can be employed without sig
nificant additional cost; and 
energy efficiency and solar heating can inspire a sense of creativity, self-sufficiency and greater control 
of the future in the communities employing them. 

ufv1ain Street, Soldiers Grove'' by l{athy Fai1-child. Us{·d with permission of photog-rapher. 
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oLuueru r.,xerc1se: 

TI1e construction of machines to 
convert the energy of the wind 
can be a stimulating and chal
lenging activity for students. In 
th.is activity, a number of models 
are described. TI1e construction 
activities offer students of vary
ing technical abilities the oppor
tunity to explore different wind 

·machines. 

l\1alerials 
Basic materials for this activity include bobby 
motor/generator, tongue depressor, wire, 
voltmeter,.ammeter, resistors. Material for 
advanced.constructions include larger 
generators, sheet metal, and bicycle parts. 
Most of these models work very well as 
individual or small group projects. 

SuK~esled Procedun~ 
Refer to Model Plans. 

Teachers should select those models that 
will suit their purposes and their students. 

Th.is is an activity that can b€ as open
ended as you like. You may wish to challenge 
students to design and build a model wind 
turbine that can, for example, extract 
maximum power in the wind from a standard 
fan. You may set some design parameters like 
blade size, voltage of generator, etc. while 
leaving some areas non-<lescript such as 
number of blades. 

1\1odel Plans included are: 
Model I 
Model2 

Basic Model (Horizontal Axis) 
Basic Model (Vertical Axis) 

The key scientific principles that will b€ 
explored in th.is activity are: 

\Vmd turbines operate by converting 
mechanical energy of rotating blades about a 
vertical or horizontal shaft into otl1er fonns of 
energy. 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

C 

• 
• 
• 

• 
• 
• 
• 

TI1e amount of energy derived from the 
wind varies with the cub€ of t11e wind speed. 

The amount of energy derived from the 
wind varies wit11 the area swept by the 
blades. 

TI1e shape of the blades in a wind 
turbine is inlportant and determines the 
efficiency of conversioll 

The rotational speed of the blades 
varies with tl1e pitch (angle b€tween wind 
direction and blade) of the blades. 

Basic Model 1 
Ii":orizontal Axis 

l\1alerials 
• I 1J2 to 6V DC motor 
• 2 wires with alligator clips both ends 
• I wire coat hanger 
• I pair pliers 
• 4 tongue depressors or popsicle sticks 
• electrical tape 
• I cork 
• 2 dowels (2 x 6 mm diameter x 200 mm) 
• DC voltmeter 

I-lave AvailaLle 
• power/hand drill witl1 6 mm drill bit 
• small band saw or fine hacksaw blade 
• wood glue 

Construction 

I, Cut the hook off the coat hanger and 
b€nd into a stable platform for your wind 
turbine. 



;~~siH 
i 11}~i~ca1 geneniwr for th~ model 
wind turbine can be any DC motor from I V4 
to 6V DC. Attach it to the top of the turbine 
mount by wrapping it with several turns of 
electrical tape. 

Electrical 
Tape DC Motor 

'If.- Topof 
Stand 

J. To build d1e two generator blades, cut slits 
in one end of ea.ch piece of dowel and glue 
tongue depressors in. Set aside to dry. 

f-8) 
~. To mount fue generator blades, drill a 
6 mm hole through ducker end of cork (take 
care when emerging from oilier side so as not 
to tear cork (it's best to drill 4 mm hole and 
enlarge to 6 mm). 

5. Locate center of large end of cork and pin 
prick center. TI1en gently but firmly force 
cork onto d1e turbine generator shaft. 

6. Finally, gently force ea.ch one of fue dowel 
ends of generator blades into d1e holes drilled 
in fue cork 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
•• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

f. Blade angle can be adjusted by twisting 
d1e blades in their sockets . 

8. Either find a windy place outside or use a 
fan to tum your turbine. 

To measure electrical output, connect your 
turbine to a voltmeter. Typical outputs are 
0.2 to 0.5V from a I l/2V DC motor. Not 
enougl1 power will be produced to light a 
globe, due to the fact that small DC motors at 
1 l/2V run at 9000 r.p.m. - which is beyond 
what fue model will produce . 

Basic Model 2 Ve1ticaI 
Axis 
Wind turbines that rotate about a vertical axis 
have different properties from horizontal axis 
turbines. These properties offer some 
advantages over fue horizontal axis turbines . 
Tilis model will help you to become familiar 
wifu the Darrieus wind turbine. Tllis type of 
machine is a very efficient in moderate winds. 
An advantage of vertical axis turbines is that 
d1ey accept wind from any direction. In 
addition fue generator can be mounted at 
ground level, wllich saves the building of 
large towers. However, a Darrieus machine 
will not start by itself. It must be brougl1t up 
to speed using a motor before it will start to 
generate power . 

Materials 
• l coat hanger 
• 3 drawing pins or paper glue 
• 3 pieces construction paper or manila 

folder paper, 35 an x 2 cm 
• 2 corks 
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• 2 cotton reels 
• I piece 12.5 mm balsa (5 cm x 10 cm) or 

stiff cardboard and cut out triangle shape 
with folded edges 

• Stanley (utility) lmife/scissors 
• I 1/2 to 6V DC motor 
• electrical tape 
• 2 electrical wires with alligator clips 
• 1 pair pliers 
• retort stand with 2 boss-heads and 2 

clamps 

C(>nslruclion 

I. Carefully examine the following diagrams 
before beginning construction of your modeL 

I 
20cm 

! 

JL~ Reel 

Ll Cork to hold 
~ rot er in place 

Coat hanger 

u 
Hold spools - let the roter 
spin in the wind. 

Cut a hole larger than 
the diameter of the 
coal hanger wire. • 

5cm 

• 
• 
• 
• 
• 
• 
C 

• 
e 

e 

• 

Cl 

e 

• 
Cut 2 triangles 

~5cm___,.. 

Attach the 3 paper 
strips with drawing 
pms. 

from 12.5mm balsa. a 

• 
e 

2. To tum the model into a wind generator, 
use a retort stand and clamps to support the 
wind turbine. Attach the bottom end of the 
sh.aft ( coat hanger) to the shaft on the small 
motor. Connect wires from motor to voltme
ter and test in a windy spot ( or use a fan). 

Clamp 

Retort 
Stand 

Clamp 

Exlension Act i \'ities for 
Basic l\1odels 
The production of medianical work from 
wind energy is widely used. Invent a method 
of lifting a series of weigl1ts using the basic 
models. Use models wit11 sinlilar capture 
areas to compare efficiencies. Some interest
ing comparisons are: Vertical axis vs. horizon
tal axis (2 blades) and horizontal axis vs. 
vertical axis (4 blades). 

For more infonnation, please contact the 
American Wmd Energy Association, m N. 
Capitol Street, N.E., suite 805, Washington, 
D.C. 20002. 202-408-8988. 
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E11ergy and Science Projects 
For Students 

Solar I-lot Dog Cooker 

Solar I-lot Dog Cooker 
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This p~oJect is for older students or for younger students with adult 
supervision. 

A reflective hot dog cooker can be built from a cardboard box, tin foil, and 
posterboard. Sunlight hits the reflective surface and focuses on the hot dog 
held in the center. Students can work in pairs or individually if there are 
enough materials. 

1. Select a long narrow box; the longer the box the more heat collection 
is possible. Choose a focal length between 5" and 10" and design a 
parabolic curve as seen in the picture. One template could be used for 
all the cookers. Trace the curve on the open end of the box so that it 
is centered and straight. 

2. Cut out the curve with a utility knife. Stress the importance of being 
exact. Measure and cut a piece of posterboard that will fix flush 
against the opening to the box. Attach this with tape beginning at the 
center and working toward to edges . 

3. Cover the curve with white glue and apply aluminum foil shiny side 
out. Start in the middle and smooth toward the edges. Try not to 
wrinkle or fold the foil; you want it as smooth as possible. 

4. Use two scraps of cardboard taped to each side as supports. Using the 
sun or a projector light, test the focal point. There should be a bright 
spot where light is concentrated; mark this spot and punch a hole for 
the skewer. Use a section of a coat hanger from which the paint has 
been removed for a skewer. 

5. Enjoy your hot dog! 
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Every house collects solar energy. Sunlight falls on the house, 
passing through windows and skylights and being absorbed by roof and 
walls. The sun helps to heat the house in cold weather, but it can 
overheat the house in warm weather. 

Some houses are specially designed with the sun in mind. The 
designer plans the house so that it collects as much sunshine as 
possible in winter, and as little as possible in summer. Such houses 
are called passive solar houses, and they can save their owners a lot 
of expense in heating and air-conditioning. 

Based on what you know about the sun and wind, you are going 
to assemble, locate, and landscape a model passtve solar house. To 
help you get started, think about these questions. 

What is the su_n's path in the winter? In the summer? 

Where does most wind come from in the winter? 
summer? 

Where should most of my windows be? 

In the 

What kinds of trees and shrubs should I have around my house, 
and where should I place them? 
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J. Refold and tape the model together. Then tape 
the roof in place. Place the cortipleted house on 
the plot plan. 

4. Find out tlic directions ol the wintcr winds .:.111d 
sw1111wr brcc/cs i11 yo((r .1r<·.1. nr.1w drn1w:--. i11 llw 

proper n1n1cr:--. <11 your plol pf,u1 lo it1dicc1lc lite:-.<' 

directions. L.-.ibcl c.-.ich arrow. 

5. Draw in fencing (if any), driveway, and sidewalks. 
Can you place these features to provide pro

. tection from winter winds? 

6. Cut out the model trees and shrubs (Worksheet C) 
and use them to trace out as many additional 
trees and shrubs as you want to use in land
scaping. Cut these out and fold their bases. For 
added strength, tape toothpicks to the backs of 
the trees. Keep in mind that deciduous trees lose 
their leaves in fall and that winter winds and 
summer breezes come mostly from one direction. 
Plan how you will landscape the plot, then tape 
the summer deciduous models in place. Tape the 
models of the winter deciduous trees directly 
behind the summer models. Tape all other models 
in place. 

7. Find out the noontime angle of the sun in your 
area for winter and for summer. Set the light 
source at the noontime angle for the summer sun. 
Check your house and landscaping for the effec
tiveness of summer shading. How many windows 
receive direct summer sunlight? Do your decid
uous trees shade the house to help keep it cool? 
Does your roof overhang provide shading from the 
summer sJn? Does your landscaping channel 
cooling summer breezes toward your house? 

8. Now fold down your summer tree models so that 
the winter models are visible. Set the light 
source at the noontime angle for the winter sun. 
Again check your house and landscaping, this time 
for the effectiveness of winter solar heating. 
How many windows receive direct winter sun
light? Do any trees block .. the sun's rays, pre
venting them from warming the house? Does the 
roof overhang allow the winter sunlight to pass 
through your windows? Do your evergreen trees 
break and slow those cold winter winds? 

_____________ questions 

l. How does your model house compare to those of other students in placement of 
windows. size of drn· rs, and roof arrangement? 

2. Which model house in Worksheet A is best designed for winter heating and summer 
cooling? Why? 245 
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WATER ENERGY MODEL PLANS 

. 

MODEL 1 
"PIE PLATE" WATERWHEEL 

INTRODUCTION 
Thi.s i.s a relatively simple model chat you 
can build using common materials. 

PROCEDURE 
1. · Cut from an aluminum pie pbce one 
IO cm <liamder disc. 

2. Make four 2. 5 cm cues like this: 

3. Fold up the edges of the cuts to form 
rnddle.s. 

.'5 

4. M:1ke a pinhole in the center of the 
disc. Anach the disc to the cork using 
upe and a thumbtack. 

5. U.sing a .small nail or a sharp pencil, 
make a hole in the back of the cork. 

6. To attach the waterwheel to the 
generator, gently force the cork on to the 
generator drive .shaft, taking care to see 
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MATERIALS: 

• Aluminum pie plates 
• Corks of assorted sizes 
• Thumbtacks 
• Scissors. 
• Masking tape. 
• Pencil or small nail. 
• Small electrical generator or 

motor. 

that the ,,·heel .-;pins freely. Lse :1 ,,·ire 
co:tt lunger to .support the geneut< >r. 

7. tvk:1.sure the \·olt:1ge :ind cu1Te111 
produced ,vhen the wheel is pU! in!<> :1 

controlled stream of ,v:ll<.:'r (e.g .. under :1 
up)_ Alt<..'rnatively string could he 
:1tuched to the w:tter wheel :tnd ,, ei_tdHs 
could be lifted :ind hence energy :ind 
power ct!cuLned using the formuLt: 

Energy= m x g x h, 

where m = mass (kg) 
g = 10 mlsec (a constant) 
h = height (meters) 

6. \v'hat can be done to impro,·e the 
waterwheel'.s design? i.e. to produce :1 
higher voltage and current or lift more 
mass. 

7. Use your ideas Lo improve your 
model. 



WATER ENERGY MODEL PLANS 

MODEL 2 
ACRYLIC WATERWHEEL 

INTRODUCTION 
By using the energy of a stream o{· water 
co run a waterwheel. which turns the 
sh~tft of a generator this model creates 
electricity and demonstr:nes the basic 
operation of wrbines found in 
hydroelectric dams. 

PROCEDURE 
I. Construcr the Gener:tlOr \lount. 

Method 1 
Bend meul strip into rlfr-; slupe. This 
becomes the gener:ttor mounr. Usin;2: 
sm:t!I n:1ils :1ruch the metal srrip ro the 
plywood b:tse. 

If vou suin the h:tse \\·irh \·e~euhle oil 
• < 

hefore you :ttuch the suppon rlfr, \\ ill 
\,-:trerrroof the ho;ird. 

Method 2 
L<-;e ,vire e<ut lunger Cut of( hook :ind 
bend to form suhle h:ise 

2. Using electricd tape. :nucll the motor 
to the support. 

3. Using a sharp knife cut () slits in th<:' .3 
en'! cork lengthwis<:'. The slits should be 
about 2 cm long and . 5 cm deep. 

Ins<:"rt each acrylic r<:'cungk snugly into :1 
slit in the cork. The complet<:'d plastic 
product is the paddlewheel ponion of 
your hydroelectric pbnt. :tnd looks like 
the diagram at the right. 

4. finally. force the cork imo th<: motor 
sh:tft. Anach the leads of the motor to 
the volt meter). 

MATERIALS 

• 1 metal strip and 10 x 15 cm 
wooden base (or wire coat banger). 

• 1 DC motor 1.5--4V 
• 1 cork 
• 6 acrylic rectangles (approx. 2 cm x 

6 cm) 
• l volt meter 
• 2 plastic insulated hookup wires 
• Nails 
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5. You now have a small working model of a hydroelectric plane. To use it run a 
stream of water over the paddlewheel using a funnel and tubing such as the one 
illustrated below. 

By raising or lowering the funnel 
you can change the water 
pressure (or height) on the 
paddlewheel, which in tum 
changes the speed at which the 
wheel turns. Since the wheel is 
attached to a generator you can 
experiment with how water 
pressure changes power output. 
The power output of your 
model hydro plant will 
correspond with the voltage you read on the meter. 

• Try making waterwheels with different number of fins. How docs this affect 
the power produced? 

• What happens with the power output when you angle the fins? 

ALTERNATIVE FOR WATERWHEEL 
A more stable wheel could be made 
using acrylic rectangles glued to acrylic 
disks. A hole should be drilled through 
the center of the disks so that wooden 
dowel can be inserted. 

The steps would be: 

1. Cut out acrylic discs (2) and 
rectangles (6). 
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2. Drill holes through center of disks 
(same diameter as your wooden dowel). 

3. Glue rectangles to disks taking care 
not to obstruct the holes drilled in the 
center. 

4. Ger.~ly force the wooden dowel 
through the center holes of the dowel. 
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STUDENT ACTIVITY SHEET 2 NAME 

A CLOSER LOOK AT SOLAR ENERGY 

INTRODUCTION 
There are many kinds of energy in the 
universe. The energy of the sun is 
radiant energy, scientifically called 
electromagnetic radiation. Produced by 
nuclear reactions at the core of the sun, 
this energy streams from the surface of 
the sun in waves of many different 
wavelengths. The shortest and the 
longest wavelengths are invisible to our 
eyes, but the medium wavelengths arc 
the visible radiation that we call 
sunlight. Most of the sun's energy is in 
these visible wavelengths. 

All substances emit some radiation. The 
wavelengths emitted depend on the 
nature and the temperature of the 
substance. The range of wavelengths 
given off by a substance is called its 
sj_Jectrnm. 

The fact that all substances are composed 
of rapidly moving charged particles 
means that they can release a kind of 
energy that has both electrical and 

C7' 

Figure 1 

249 

magnetic properties. It is this energy that 
is called electromagnetic radiation or 
radiant energy. This energy travels in a 
wave motion as shown in Figure 1. All 
substances radiate energy in the form of 
these electromagnetic waves. 

The tempera tu re of an object determines 
the wavelengths it radiates. Objects that 
are so hot that they glow are said to be 
incandescent. These objects glow 
because they radiate the wavelengths 
called visible light. The wavelengths, of 
course are visible to the human eye. 

' Your body also radiates energy, but it's 
invisible. This radiation is longer in 
wavelength that visible light and is called 
infrared radiation. 

The temperature of the sun is very high -
- about 6000 ·cat its surface. An object of 
this temperature looks yellowish-white. 
This doesn't mean that the sun emits 
only yellow light, but it does mean that 
the greatest proportion of its radiation is 
in the yellow band of visible light. If the 



sun were to become much hotter, it 
would look blue; if it were to cool a 
great deal it would look red. And a 
hotter sun would give off more radiation 
of every type, as shown in Figure 2. 

reaches the earth, but much is stored in 
the atmosphere. 

Electromagnetic waves vary in length 
from very short waves (billionths of a 
centimeter) to very long waves (hundreds 
of kilometers). The sun emits all of these 
wavelengths in various proportions. The 
entire range of possible wavelengths is 
called the electromagnetic spectrum 
(Figure 3). 

llave/eng/h 
Figure 2 

THE SPECTROSCOPE 
The visible spectrum of an incandescent 
object can be seen with the aid of an 

MATERIALS 
• An incandescent ligbt source 

(ordinary ligbt bulb) 
• A fluorescent ligbt source 
• A spectroscope 
• Small pieces of colored cellophane -

red, green, orange, blue, yellow, 
violet. 

• colored pencils 

PROCEDURE 
1. Use the spectroscope to observe the 

spectra of the following sources of 
light: 

(a) sunlight, (DO NOT LOOK 
DIRECTLY AT THE SUN!) 

(b) an incandescent bulb, and 
(c) a f1uorescent tube. 

Spectroscope 

instrument called the spectroscope. The Loll_J 
spectroscope separates visible light into <E-------- --------

its component colors. 
V) 

"-' 
" "" ~ 

·"' -.;:; 
~ 

The spectrum from the sun includes 
much more radiation than the unaided 
human eye can see. Most of the invisible 
radiation is filtered out by the earth's 
protective atmosphere. Nearly all of the Low 
x-rays, gamma rays, and ultraviolet rays 

VJ 
V 

" ..,, 
~ 
,._ 

"' <cs 

~ 

are absorbed before they reach the ca11h, Figure 3 
while most of the visible light rays reach 
the earth. Some infrared radiation 
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2. Draw each spectrum in the 
!(Spectrogram" box on the result sheet. 
Use your colored pencils to indicate the 
various colors of each spectrum. 

3. On the line nex1: to each drawing 
identify the spectrum as continuous or 
bright -line. 

4. In tum, hold two different colors of 
cellophane over the end of your 
spectroscope and point the spectroscope 
at the sky (BUT NOT DIRECTLY AT THE 
SUN). On the result sheet write the color 
of the cellophane filter used, and then 
draw the spectrum in the spectrogram 
box. 

5. Complete the drawing of the 
electromagnetic spectrum at the bottom 
of the result sheet by placing these labels 
in the appropriate locations: visible light, 
infrared, and ultraviolet. 

6. Answer questions 1-5 on question 
sheet. 
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RAD/A TION SOURCE 

Sunlight 

Incandescent 
Llght 

Fluorescent 
Light 

Sunlight with 
filter 

Sunlight with 
filter 

Electromagnetic 
Spectrum 

"1 
\,, 

~ "' ~ 
~ ~ 
.<:J 

,..__ 

~ ~ 
~ 

Low 

RESULT SHEET 

~ 
). 

"' ?;: 
<::, 
.l.._ 

. '.) 

~ 

SPECTROGRAM 

Wavele11_:JTh. .5hort 

~ .., 
~ ~ 

~ "' 
~ t:: 

~ ( 

>< ni 

~ 
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KIND OF 
SPECTRUM 
continuous or 
bright line 
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QUESTION SHEET 

1. Define the following terms: 

(a) Electromagnetic radiation 

(b) Radiant energy 

(c) Spectrum 

(d) Wavelength 

2. List the seven basic colors of the 
visible spectrum in order from longest 
wavelength to shortest wavelength. 

3. Base your answers to the following 
questions on Diagram 2 in the 
Introduction. 

a. As the temperature of an object 
increases, what happens to the 
total amount of radiation it emits? 

b. As the temperature of an object 
increases, how docs the 
wavelength at its peak intensity 
(the greatest proportion of its 
energy) change? 

253 

c. If an electric stove's heating 
element were heated until it_ 
radiated visible light that was red 
in color, what is the next color it 
would radiate if it became even 
hotter? 

d. In which region of the 
electromagnetic spectrum is most 
of the sun's energy radiated? 
Which region contains the next 
highest proportion? 

4. a. In what ways are the spectra of 
sunlight, and incandescent bulb, 
and a fluorescent bulb alike? 

b. How are they different? 

5. \X/hat effect do filters have on the 
sun's spectrum? 

SUMMARY 
Every substance gives off electromagnetic 
radiation. The radiation wavelengths 
given off by a substance arc its 
spectrum. You have examined three 
spectra: those of the sun, an 
incandescent light, and a fluorescent 
light. You found that these spectra were 
different and that different instruments 
must sometimes be used to detect 
different parts of a spectrum. 



STUDENT ACTIVITY SHEET 1 

WHAT IS SOLAR ENERGY? 

Life on Earth depends on the energy radiated by the Sun. Plants need sunshine for 
growth. The chemical energy stored in plants provides food for animals so that they 
can live and grow. Also, most of the energy which humans use everyday, whether it 
comes from oil, coal, gas, wood or electricity, was produced in the Sun. 

The Sun's energy passes through space as electromagnetic radiation. It is this radiation 
that we refer to as sunshine or solar energy. 

The Sun emits electromagnetic radiation of all wavelengths. Electromagnetic waves 
vary in length from very short waves (billionths of a centimeter) to very long waves 
(hundreds of kilometers). The sun emits all of these wavelengths in various 
proportions. The entire range of possible wavelengths is called the electromagnetic 
spectrnm. 
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With a surface temperature of about 6000 •c, the Sun produces over 90% of its 
radiation in the visible and infrared regions of the spectrum. The small amounts of 
harmful ultraviolet and other high-energy radiation emitted by the Sun are effectively 
screened by ozone in the earth's protective atmosphere (this protection is being 
threatened by the release of chlorofluorocarbons - CPC's - which are found in 
refrigerators, styrofoam, and some aerosols). Visible light reaches the earth's surface 
with little filtering, but about half of infrared radiation is absorbed and stored by the 
near-earth atmosphere. 

Electromagnetic radiation is produced as the result of thermo-nuclear fusion reactions 
in the sun's core. Tn one second 4 million tons of hydrogen is converted into helium 
and the amount of energy produced is more than people on earth have consumed in 
the whole of history. Travelling at the speed of 300,000 km/sec., electromagnetic 
radiation travels the 1 SO million kilometers to the earth in about 8 minutes. 
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Some of the solar radiation is absorbed by the atmosphere as heat and some of it falls 
on the Earth's surface as light and heat. Since some areas of the Earth's surface heat 
up more than others this uneven heating of the atmosphere causes ,vinds which in 
turn produce \Vaves on the ocean. The Ea11h's rotation also contributes to movement 
of air in the atmosphere. \Vinci and wave energy can therefore be traced back to the 
energy from the Sun - as can the water cycle and hence hydro power. 

Some of the radiation reaching the Earth's surface from the Sun is absorbed by plants. 
Plants convert solar radiation into chemical energy by a process called photosynthesis. 
Through photosynthesis plants produce new plant materials from carbon dioxide, 
water and minerals. This plant material is a store of chemical energy. The chemical 
energy can be released as heat when plant materials such as wood are burned in a fire 
or in respiration after animals have eaten food. Some plants can be easily fermented 
to produce alcohol which can be used as a liquid fuel (eg. to replace gasoline). Plant 
and animal wastes can also be broken down in a biogas digester to form methane. 

The Sun's heat can be used directly in a number of ways. Solar collectors can produce 
hot water for s,virnming pools, homes and inclustiy. Houses can be designed to 
collect solar energy and this can reduce heating costs. In recent years increasing use 
of solar cells has occurred. These convert the visible light in solar radiation directly 
into electricity. This unit of work deals with all of these direct uses of solar energy. 
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STUDENT ACTIVITY SHEET 1 QUESTIONS 

1. \Vhy is the Sun so important to 
people on Earth? (List as many reasons 
as you can). 

2. "Energy from coal, oil and gas was 
produced by the Sun". How can this be 
so? 

3. Give a short explanation as to why 
the following types of energy are really 
indirect forms of solar energy: 

a. Wind Energy. 

b. \Xlater Power. 

C. Wood. 

'- , __ , __ , 
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4. Find out at least one way that each of 
the following types of radiation are used: 

a. Radio waves. 

b. Radar waves. 

c. Microwaves. 

d. Infrared (fR) waves. 

e. Visible waves. 

f. Ultra violet (UV) waves. 

g. X-rays. 

5. \Vhat is solar energy? 

// -Jj/ / ;re re,, 
Ctlmf)lele/1/ I,, 

:Solar,, 
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Activity 2 

A CLOSER LOOK 
AT SOLAR ENERGY 

INTRODUCTION 
This activity is based on Student Activity 
Sheet 2 and involves students in reading, 
experimenting and answering questions. 

MATERIALS 
• An incandescent light source 

(ordinary light bulb) 
• Ajluorescent light source 
• A spectroscope 
• small pieces of colored cellophane, 

red, green, orange, blue, yellow, violet 
• colored pencils. 

HANDOUTS 
• Student Activity Sheet 2, A Closer Look 

at Solar Energy'. 
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SUGGESTED PROCEDURE 
1. Introduce the activity by displaying a 
large wall chart or overhead of the 
electromagnetic spectrum. Explain the 
importance of electromagnetic radiation 
as the energy source for all the earth's 
natural systems. Discuss how 
electromagnetic radiation affects people, 
as in causing s,kin cancer or sunburn. 

2. Distribute Student Activity Sheet 2 to 
students. 

3. Make sure students complete the 
reading (Introduction). You may want to 
do the reading as a class activity or 
assign it as a silent reading or for 
homework. Some questions may also be 
assigned for homework. 

4. Students complete experiment 
outlined in SLUdent Activity Sheet 2. If 
spectroscopes are in short supply, 
consider running several solar activities 
in the classroom at the same time. This 
will reduce demands on equipment, and 
small groups of students can move from 
activity station to activity station over the 
course of several periods. 

PRECAUTION!! 
Remind students never to look directly at 
the sun, even with spectroscopes. 

POINTS FOR DISCUSSION 
In what ways is electromagnetic radiation 
beneficial to people? In what ways is it 
harmful? 
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SECTION 2 THE SUN'S POSITION IN THE SKY 

INTRODUCTION 
To use solar energy wisely, we must be aware of the sun's position in 
the sky - from hour to hour during the day and from season to season 
during the year. Most people are vaguely aware that the sun's position 
always appears to be changing. This apparent movement is due to the 
earth's movement. As the earth rotated on its axis from west to east, 
the sun seems to revolve around us from east to west. As the earth, on 
its tilted axis, gradually travels around the sun from summer to winter, 
the sun seems to sink lower towards the southern horizon each day (in 
the Northern Hemisphere) and the days get shorter. 

Knowledge of 
the sun's exact 
position in the 
sky is essential 
for correct 
positioning of 
solar collectors 
and for the 
design of energy 
efficient 
buildings. 

This section 
gives 
construction 
details of some simple instruments that can be used to determine the 
sun's position. 

The following activity is included in this section. 

Activity 3 The Sun in the Sky 

REFERENCE 
The essential reference for the activities in this section and the 
following sections is 71Je Energy File fact sheet: Solar /<,'nergy. One 
copy should be available for each student. A copy of the complete file 
is included in this teaching package. 
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Further copies of Solar Energy arc available from The National Energy 
Foundation, whose address is in the front of this guide. 

MAJOR UNDERSTANDINGS 
The major understandings in this section include: 

• 7be position of the sun in the sky changes during the day due to 
the rotation of the earth about its axis. 

• TlJe position of the sun changes from season to season due to the 
movement of the earth as it revolves around the sun on its tilted 
axis. 

• 7be suns position can be measured using simple instrunzents. 

• Knowledge of the suns exact position in the sky is essential for 
correct positioning of solar collectors and for the design of energy 
efficient buildings. 

Noon 

s 

E 

s 

, Sunset 

Winter Altitude 

Sunrise 

Summer Altitude 
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Activity 3 

THE SUN IN THE SKY 

INTRODUCTION 
This activity may seem repetitive to 
students who may have covered this 
topic in earlier studies. But it can be a 
an activity that challenges students to 
quantify the sun's apparent movement. 
The activity can also be tied in an 
historical sense to discovt:ries of how 
ancient computers like Stonehenge were 
used to keep track of the sun's position. 

HANDOUTS 
• Student /act sheet Solar Energy. 
• Student Activity Sheet 3. 
• Student Activity Sheet 4 Sun Path 

Diagram. 

MATERIALS 
These depend on models chosen but 
could include: 

• Particle board. 
Wooden dowel. 
Magnetic compass. 

• Bubble level. 
• 6 inch nails. 
• Graph paper. 
• Protractor. 
• Sheet metal. 

SUGGESTED PROCEDURE 
1. Discuss with students the apparent 
movement of the sun and how it ;s 
caused. Mention that keeping track of 
this movement was critical to earlier 
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civilizations to maintain calendars and 
keep track of events such as festivals and · 
times to plant crops. You may want to 
ask some of your students to research 
this earliest computers and report to the 
class. 

Movement of the sun should be 
considered: 

(a) from hour to hour during the day. 
(b) from season to season during the 

year. 

2. Review latitude and longitude. 

3. Discuss why it is important to know 
the position of the sun. 
(Students could come up with many 
reasons. 77Jese could include planting of 
crops, positioning of solar collectors, 
design of energy efficient houses etc.). 

4. Ask students to suggest ways in which 
the sun's position can be determined. 
(Methods based on shadow length and 
direction are the safest for students). 

5. Have students construct modd.s. Thi...'. 
models shown on Student Activity Sheet 
3 may be used as a guide where students 
arc struggling to come up with ideas. 
(Either issue them to students or show as 
an overhead transparency). However, it 
is strongly recommended to use student 
ideas where these seem feasible. 

6. Get students to take readings of the 
solar altitude (angle above the horizontal 
plane) and solar azimuth (direction 
throughout the day) and to record their 
results. 
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7. Since the solar energy designer needs 
this kind of information for the whole 
year, tables and diagrams have been 
carefully prepared. Refer to Student 
Activity Sheet 3 Sun Path Diagram. 

8. Issue copies to students and explain 
how to read them. 

9. Have students compare their data 
with that obtained from the Sun Path 
Diagram. (Note: 771is applies only to the 
/atilude 37.5'' N i.e. San Francisco). Is 
there any difference? Why? (Sun Palh 
Diagrams are based on true north, student 
instrument uses magnetic north). 
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EXTENSION ACTIVITY 
J. Calculating the exact position of the 
sun can be more easily determined using 
a computer program. Challenge students 
to write a program that will: 

(a) calculate the solar altitude and 
azimuth for any latitude at any 
time during the year. 

(b) create a graphical sun path 
diagram for any latitude area. 



STUDENT ACTIVITY SHEET 3 

FINDING THE SUN'S POSITION 
MODEL 1 Measuring Altitude and Azimuth 

Finding the Altitude of the Sun 

':MAMW 
W'tQ_ 

"--- C-01vtp ulS-S 

Finding the Azimuth (Direction of the 
Sun) 
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MODEL 2 MEASURING THE ALTITUDE 

\Xie all kno\v the sun rises and sets each day. But how does the height of the sun above 
the horizon change throughout the day? Is its highest point each day the same? The solar 
altitude or he:ght of the sun above the horizon, is an important factor for solar energy 
designers. The sun's lowest position in the sk7 at noon, its minimum solar altitude is a 
factor that must be thought about when solar collectors are installed. What month would 
you expect the sun's position above the horizon, its solar altitude, at noon to 
Below is the design for a solar instrument to help you compute the solar altitude. 

r_r-r~ f <½ t-811&{ 
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STUDENT ACTIVITY SHEET 4 

SUN PATH DIAGRAM 

LaliLude 3 7.5:; North 

The center of the diagram represents the 
observer's position. The heavy curved 
lines represent the sun's path for selected 
dates and latitudes, and arc crossed by 
lines indicating hours. To find the sun's 
position for the required conditions, 
select the point where the appropriate 
lines intersect. The sun's altitude (in 
degrees above the horizontal pl:me) is 

shown by the relation of this point to the 
concentric circular lines within the 
diagram. The direction of the sun's rays 
is shown by a line drawn through this 
point from the outer graduated circle 
towards the center. 
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SOLAR HEATER MODEL 9 

POWER TOWER 
INTRODUCTION 
A power tower is an example of an active 
(meaning it requires pumps or motors to 
run the system) solar-thermal system 
which operates at high temperatures. The 
collector consists of a number of mirrors. 
The mirrors are arranged to collect and 
reflect solar radiation on to a central 
receiver. The mirrors, called hcliostats, are 
computer controlled to follow and track the 
Sun. 

MATERIALS 
• 4 liter (1 gallon) plastic bottle 
• Small mirrors (students could bring 

these from home). 
• Thermometer (-JO"- 110 °C). 

SUGGESTED METHOD 
1. Construct a wooden stand that will hold 
a 4 liter (1 gallon) container. You could 
also sit the bottle on a stool. 

The central receiver or absorber of the 
power tower may reach temperatures up to 
4000 C. 

r n the French Pyrenees a power tower is 
being used as a solar furnace for research 
purposes. rn Barstow, California, the 13 
MW Solar One uses 1100 heliostats to 
produce steam which drives electric 
generators to provide electricity for 5,000 
average homes. 

• Stool or solar collector stand produced 
for earlier models. 

• Black paint 
• Wooden blocks (the size will depend on 

the size of the mirrors) 

2. Paint the bottle black. 

3. Cut slots in wooden blocks to fit mirrors 
into. Slots cut a different angles \viii allow 
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you to change the angle of the mirrors 
depending on the position of the sun. 

EXTENSION ACTIVITY 
See if you can ooil the water. (You may 
need to use a small container like a 
blackened tin can. 
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The number of blocks used will depend or 
the number of mirrors. The more mirrors 

' the more heat energy will be concentrated. 

4. Take the equipment outside and set up 
so that the mirrors are focussing sunlight 
on to the plastic bottle. 

5. Test you model by following the 
procedure on your Testing Sheet. 

Note: You will need to adjust the positions 
of the mirrors during the test so that they 
remain focussed on the plastic bottle. 

If you want a computer challenge, try to 
find a way to use a computer to control the 
position of a mirror. 
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MISSION: 
POSSIBLE 

Good morning, Mr. Phelps. After 100 years of burning fossil fuels, the nation's of the earth are 
facing a global threat never before seen on this planet. The accumulation of carbon dioxide from 
this burning, mostly in automobiles and coal-fired power plants, is creating an blanket that lets in 
solar radiation, but traps that solar energy once it reaches the surface and is converted into heat -
or infrared radiation. It's calk:J "The Greenhouse Effect" because the carbon dioxide acts just like 
the glass in a greenhouse. 

One of the solutions to this deadly f ulure is to use renewable forms of energy. One of the most 
basic needs of nations is hot water. Your mission Jim, should you decide to accept it, is to design 
and construct a solar heating device that will heat 4 liters of cold water to a minimum of 20°c 
above the starting temperature after standing for 1 hour in the sun. The following steps below will 
help you Lo develop your renewable energy device. As usual, if you or any of your IM force get 
into hot water, the Secretary will disavow any knowledge of your existence. Good luck, Jim! 

1. IDENTIFY THE PROBLEM 
You may discuss with others the different 
problems that the task imposes prior to 
beginning your design. 

2. ANALYSIS 
In your analysis you should try to devise ways 
to overcome problems. Consult books, 
parents, teachers, and other sources of 
information. 

3. SKETCH 
Based on your analysis, draw up some plans of 
your device prior to building. If you become 
really stuck, your teacher may assist you by 
showing you some model plans from the 
Energy, Technology and Society resource book, 

4. MATERIALS 
Determine what materials and equipment that 
you will need and collect them. 

5. PROTOTYPE 
Build a prototype. This is your first 
experimental model. 

6. TEST YOUR PROTOTYPE 
Refer lo the Solar Water Heater Testing Sheet. 
Test your model with the procedure outlined 
on the sheet. 
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7. MODIFY 
On the basis of your test results, modify your 
model where necessary. 

8. FINAL TESTING 
Test your modified model according lo the 
procedure on the testing sheet. Present your 
model to the rest of the class and your teacher. 

9. REPORT 
Prepare a written report covering steps 1-8 
above. Use the Solar Water Heater Report 
Sheet as a basis for your report. 



SOLAR WATER HEATER MODEL 1 

BASIC MODEL 
MATERIALS 
A basic solar heater can be made using any of the following materials: 

• Garden hose, or 
• Soup can, painted black, or 
• Plastic garbage bag, or 
• Zip-lock baggie, or 
• Any other container that will hold 

water and allow the sun's heat to 
penetrate. 

It is unlikely that these materials will give 
good results on their own. You should 
think about ways of improving their basic 
design. 

SUGGESTED METHOD 
1. Using a sketch, design your solar 
heater. Review the major features of a flat
plate collector in Student Activity S/Jeet S 
and see if you can incorporate any of 
these in your design. 

2. Construct the solar heater 

3. Test your solar heater using the procedure in your testing sheet. 

"What so Rare as a Cloudy Day 
in Arizona" I ... 2 ... #\\1\,t,l,/1/r/;~ 

,-Ofll. THI: 

~~~ 
-

:!lun::tn.,T 8""<'"'°' 
\'l.'hH-:r O•t•c<: 

8pc-1nc ~ ~ R<:•M«"n« 

f'•ll ~ ,~~ Apcrtm<:n1 

S\lt1H)<.<{ ~/~~ Ho(('! 

O,u. Rl!h1 J::pt,,, .. """''~ Bu•ln-e--c Bloc.k. 

p,t..T[f'ITO) AUcL2Jn , 

SUNSHINE 
Llko Salvation Is Froo! 

"Day and Nii'ht" Solar Heater 
~<;a.UC<I_ 

h cul. ·t ctop work.inc, whil◄ th<1 cun chfo.-c 

~~ ~~~ -~nr\:~.c;o':· ::t;:i◄ , or 9tu1 a r.r. 
It ~r,r,p;f IT ROT tn t. •ton.c~ b-oUcr. 

WU] It ro.1ly work1 
Thou-..nd.. o( .... ta~<&d uwn th.Jn..k .a 
Let u- cfv• you prlc<flc &.n-d fall infonnatJou 

Writ. 

Southwestern Solar Heater Co. 
t"ttOf:NIK. Afl;(J'.QNA 

Advcniscmcnt - Arizona iviagazine, /9/J. 

uttlteSUNqive you plenLyof 
Hot l¼'.-ler DAVattd NIGHT 

LJay a11u Night sales brochure, circa /923. 
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SOLAR HEATER MODEL 2 

INTERMEDIATE MODEL 

MATERIALS 
• 
• 
• 
• 
• 

• 

Cardboard box with a lid (eg., shoe box or shirt box) . 
Plastic food wrap . 
Scissors . 
Scotch tape . 
Zip-lock baggie (or plastic garbage bag or hot water bottle) . 
Thermometer. 
Black paint . 
Insulation maten·als (eg., newspaper or aluminum foil or polystyrene 
foam etc). 

SUGGESTED METHOD 
1. Obtain a water-sealing zip-lock baggie or another similar container (a hot water bottle 
works as well as balloons with the silvery mylar finish). Paint top surface black. (Blow up 
container if you can with air first to get an even surface). A black plastic garbage bag, if 
used, will not need painting. 

2. Cut a rectangular hole in the lid of the box. 

3. Cover the hole with plastic food wrap. (If a shirt box is used it clear cover can be 
used). 

4. Place a lining of insulation in the bottom and sides of box (optional). 

5. Put your model together. 

6. Test your solar heater using the procedure outlined in your Testing Sheet. 

Clear ff35Jic Wrap 

Figure of model 
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SOLAR HEATER MODEL 3 

FLAT-PLATE CARDBOARD 
MODEL 

INTRODUCTION 
In this type of collector you do not need a pump to circulate the water to the storage 
fftank 0 (plastic bottle). Water in the blackened collector tube absorbs the sun's energy and 
gets hotter. 

Because this hot water is less dense than the rest of the water it rises out of the collector 
into the storage "tank" (plastic bottle). The cold water at the bottom of the bottle then 
flows into the bottom of the collector and the cycle begins again. 

This process is called thennosiphoning. 

MATERIALS 
• A cardboard box about 300 x 450mm x 

100mm. 
• Two meters of plastic tube or garden 

hose. 
• Plastic paint - water based. Black, 

yellow, white. 
• Thermometers (100 CJ. 
• Adhesive tape. 
• Blue tack. 
• Two 1 liter plastic bottles with lids for 

water storage. 

SUGGESTED METHOD 

• Plastic film (glad wrap, dry cleaning 
wrap etc.). 

• Funnel. 
• One roll of aluminum foil. 
• A wooden stand (this can be made by 

students - see diagram). 
• 150W spotlight. 
• The wire from the florist or Bag ties. 

1. Construct the collector as shown in the diagram below. Make sure the hose is long 
enough to reach the plastic bottle that will be place above the collector as a tank. 

; ~~ --==---.:::-.__ Cltt11 /!!1'5/li 17/47 
if0f"1 _c::::::==::-, 

_/"_ti-, L=~----;---

~~ £(/(// 

1 ,,,;::::::::,,-------~-~__.c.__--y:,-----'---, 

-. /00 
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SOLAR HEATER MODEL 4 

ACRYLIC SOLAR WATER HEATER 
{THE PLASTIC FANTASTIC!) 

INTRODUCTION 
This unit is designed to challenge the student in the Industrial 
Technology courses to work with a variety of materials and to 
understand the properties of those materials. 

They will design and manufacture a Fial Plate Solar Collector 
using the sketches provided. 

The size of the unit is determined by the capacity of the 
heating oven available to heat the Acrylic sheet and the press 
available to form the sheet using a Plug and Ring mould. 

MATERIALS 
• 22 G Zinc-annealed mild steel . 
• 
• 

Insulation baits (or other insulating material) . 
22 G Copper sheet . 

• 
• 
• 
• 
• 
• 
• 
• 

3 mm Acrylic sheet . 
20 x 20 mm Aluminum angle . 
Silicon sealer - roof and gutter type . 
Metal primer paint . 
Black paint . 
Thermometer . 
PVC tubing . 
4 liter (1 gallon) plastic bottle . 

SUGGESTED METHOD 
1. Collector Cover 
This cover forms the glazing for 
the collector. It is formed into 
channels (riser tubes and headers) 
to allow water to flow when it is 
attached to the flat copper sheet. 
The clear cover is to be produced 
from Acrylic sheet, formed into 
channels using a plug and ring 
mould lo form the Acrylic. 

The size of your acrylic sheet will 
be determined by the size of oven 
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you use lo heal the acrylic. Using a plug and ring mount form the acrylic cover into shape 
as shown. 

2. Collector Plate (Copper) 
(a) Abrade the copper surface. 

(b) Apply one coat of all metal primer paint and allmv to dry. 

(c) Paint surface black. 

(d) Allow to dry for one week. This drying is necessary to enable the silicon sealant 
to adhere to both the painted copper plate and the acrylic cover. 

(e) Water inlet and outlet tube should be fixed at an angle of about 30 degrees. co the 
collector plate. The tubes arc pointed upwards when the collector is angled to the 
sun. This will eliminate the possibility of air locks in the system and allow water to 
flow freely. 

(f) Using silicon sealant, stick the acrylic cover lo the painted copper plate. 

3. Mounting Box 
Designed and produce the mounting box in sections as shown in the Model Plan 4. 
Surface size is determined by collector size. An alternative is to make the mounting box 
from timber. Attach the fixing frame is attached over cover and fixed to mounting box, 
holding the collector plate assembly to the mounting box. 

4. Insulation 
Various types of insulation may be used, however fiberglass insulation may be the most 
convenient. (Warning - use gloves and wear face mask). 

5. Storage Tank 
When the Plat Plate Collector is completed attached PVC tubes to the inlet and outlet and 
connect to storage tank using silicon sealant. Por storage tank use a 4 liter (I gallon) 
plastic bottle. Locate this tank above the collector. 

When filling with water be sure to clear a[[ air locks in the system by rocking the unit. 

6. Testing 
Follow testing procedure outlined in the Testing Sheet. 

272 



1he size of your acrylic sheet will be detemzined by the size of oven you use to heat the 
acrylic. Using a plug and ring mount, fomz the acrylic cover into shape as shown below. 
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MODEL 4 PLAN ACRYLIC SOLAR WATER HEATEF 
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SOLAR HEATER MODEL 5 

SHEET METAL MODEL 

MATERIALS 
• Model 5 Plans (A&B). 
• 1 sheet of glass or ac1ylic, 500 x 300mm. 
• 1 collector plate 22g galvanized steel or copper 498 x 

298mm. 
• 1 base plate 22g, 500 x 500mm. 
• 2 m P. V.C. clear hose ½" (12mm) diameter. 
• Blue tack. 
• Support channels 20ft, 440 x 95 

20ft, 240 X 95 
• Frame 20ft, 140 x 335 

20ft, 140 X 505 
• Copper tube to suit. 
• Storage tank. Plastic bottle, 4 litre. 
• Silicon sealer - roof and gutter type. 
• Foam tape double sided door seal adhesive tape. 
• Thermometer. 

The foam tape prevents movement of heat from one piece 
to another. 

SUGGESTED METHOD 

= 

( 

Drawing details arc provided in Model 5 Plans J\&B. These are set out in a form that will 
allow teachers and students to use their own method of manufacture. 

The collector plate in the main item in the unit and can be produced from flat sheet 
materials having good thermal conduction. Whatever material is used a coat of matt black 
paint will assist the absorption properties of the material. 

\'vater needs to circulate over this plate to gather the heat. To do this we will use copper 
tube which is fixed to the plate. Therefore good contact must be achieved between the flat 
plate and the copper tube. A good way to do this is to slightly flatten the copper tube and 
solder it to the collector plate. This will ensure good conductivity of heat into the \Valer 
flow. 

If water based paint is used, you will need to a[lmv one ,veek for the paint to dry before 
applying the silicon scaler. 

The whole unit can be fixed together using self tapping screws, pop rivets or any other 
mechanical fastening system. 

Insulation behind the collector plate reduces heat loss and improves the efficiency of the 
uhit. 
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If you are making a number of units within your class, try out various methods of 
insulation and determine which is the better. 

You will need to construct a stand to house both the storage tank and the collector. 
(See below). 

Test your heater by following the procedure outlined on the Testing Sheet. 
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SOLAR HEATER MODEL 6 

CARDBOARD CONCENTRATOR 
The model to be built in this activity is an example of a parabolic trough or line focus type 
collector. 

The sun's rays are focussed along a line of the focal point of 
the parabolic curve. If a tube (painted black) carrying water 
is placed along the focal line it will heat the water. 
Alternatively a thin rod can be positioned along the focal 
line. If food (eg. sausages, apples etc.) is placed on the rod 
the collector can be used as a cooker. 

MATERlALS 
• Model 6 Plan. 
• A cardboard box or sheets of cardboard. 
• Light weight poster board any color. 
• Adbesive tape - use a strong type. 
• Adhesive. 
• 500mm of strong wire of6mm rod (ora 

straightened wire coat banger). 
• Stanley /.."nife or similar. 
• Aluminum foil used for cooking 300mm widtb. 

SUGGESTED METHOD 
Read in conjunction with the Model 6 Plan. 

1. Use the pattern provided on the plan. This has a focal point of 75mm. This will make 
a full-size template as shown in the Figure 1. 

/?lace. 7/Je 
/Jal/ paiabol;; 

517ape on a 
piec~ or -fb!d~d 
paper: ~==----

Figure 1 

7/;is 15 o ;vii ,oarabo/g 
Cu Taro!lml tl5e //Ji:S 85 yov;- mi1s1er 

1/Je /Jalf- f}araboh rem 0:tlt 
T/Je11 {IIJIO/d 
7hcpaper. 

2. Using your template mark the parabolic shape on the end of a cardboard box and cut 
it out with your knife. 

4. Cut the poster board to suit the length of the box and lay it into the curve of the box. 

5. Stick the aluminum foil onto the poster board. This will become your reOector. 
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6. Cut ends to suit the box and mark the focal point accurately. .Mount the end to the 
box, with a hole punched at the focal point through which you will mount the cooking rod 
or water tube. 

7. .Mount the blackened copper tube through the focal point holes. Alternatively, a 
blackened hose could be used. 

8. Connect plastic tube to ends of copper tube and attach them to a 4 litre (I gallon) 
plastic bottle with silicon sealant or other material. Alternatively, if a blackened hose is 
used instead of a copper pipe, make sure it is long enough to reach the plastic bottle. 

9. A stand can be built like the one below. 

10. Test your model using the procedure outlined in your Testing Sheet. 

CAUTION 
Sun rqjlected qf/the cooker can cause damage to c:1•es. Do not look direct(p 
into th(' njlected s1ml(!!,ht. As ll'(' are going to use the focal point to cook 
tcith. this area tl'ill he t•e1y bot. 

EXTENSION ACTIVITY 
1. Solar Cooking 

An alternative to using your model for . 
water heating is to use it for cooking. 
Instead of a copper pipe, place a cooking 
rod (for example, a straight length of 
strong wire) through the focal points. Try 
cooking sausages, apples, etc. 

2. Parabolic Dish 

Use the half parabolic shape to build a 

Haod/e to 
,..·· - ·. lilro llJe 

~--· -· , ·. food fvr 
\ '\. more 
·, .. even 

Cook1113 

point-focus collector (parabolic dish). These can get much hotter than line focus 
collectors (parabolic trough). r-- Dowel 

~~=======::::, 's' ,L 11 , .., r1aper-Try this method to make your model: 

(1) .Make a parabolic "shaper". 

(2) Use "shaper" to make a plastic mold 

(3) Cover plastic mould with fiberglass and 
resin. 

(4) Remove fiberglass dish and line this with 
aluminum foil or some other ff_:'fkc~ive 
material. 

280 

7/Ji.5 cvrv 
15 !aJ:e11 fro 

l'r1oclel ffNi 6 

✓ 

_,.. 
✓ 

~ - - - - -

1 

~ 

parric1~ 
b()ard 

r--



Ko1ale :Shaper'' 
To smoCJ/h O{)T 
11/aster and 
-form 8 
dish S!Jape 

hoerg/a1ss 
d1s/2. 

(5) Place in the sun and try to cook an egg! Or try the "Great Solar Cookoff11 contest. See 
who can cook the best food with their solar heating device. 

Parabolic disb collectors were used in tbe 
foth cenLwy Lo power a printing press 

281 



MODEL 6 
HALF-PARABOLA (focal length 75mm) 
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SOLAR HEATER MODEL 7 

MET AL CONCENTRATOR 
The model to be built in this activity is an 
example of a parabolic trough or line 
focus type collector. 

The sun's rays are focussed along a line of 
the focal point of the parabolic curve. If a 
tube (painted black) carrying water is 
placed along the focal line it will heat the 
water. Alternatively a thin rod or a food 
trough can be positioned along the focal 
line. If food (eg. sausages, apples etc.) is 
placed on the rod or in a food trough the 
collector can be used as a cooker. 

MATERIALS 
• 22 CMS Reflector Afaterial (Polished 

aluminum, stainless steel, etc). 
Alternatively, you can use plastic mi1Tor 
material such as reflective mylar from 
3M conzpany. 

• Copper tube (600mm length). 
• Tinning paste or aluminum foil. 
• Plastic tubing (sized to fit over the end 

of the copper tube. 
• Black paint. (flat black is best) 
• 22 g mild steel (for collector stand). 

SUGGESTED METHOD 
1. The shape provided in Model 7, Plan A 
is a half parabola. Use this to make a 
template by drawing a full parabola as 
shown in below. 

?kce 7/;e. 
/;alr-paraboh 
sh2p<:::: on,? 
pic::ce. or 
-rolc/ec/pa,Per1===;::::;---,. 

• Silicon sealant. 
• 75 mm x 500 mm aluminum, copper or 

mild steel sheet (optional). Folded to U 
shape and painted black. This forms a 
food trough which can be made as an 
extension activity. 

• Screws and wing nuts (25 mm x 6mm 
round head). 

• Screws (3 mm or self-tapping). 
• 4 litre (1 gallon) plastic bottle or other 

container. 
• Thermometer. 

These plans should be read with 
Model 7 Plans A, B and C. 
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2. Cut out end plates using your templates. 
Drill holes and cut slots as shown on 
Plan B. 

3. Cut out tie bars and assemble to end 
plates. (See Model 7 Plan, Part C for tie 
bars). 

4. Bend and fit reflector sheet to brackets 
with 3 mm screws or self-tapping screws. 

5. Assemble heater stand ends (Model 7 
Plan, Part D). 

6. Assemble heater stand ends to reflector 
using 25 x 6 mm round head screws and 
wing nuts. 

EXTENSION ACTIVITY 
1. A cooking trough can be constructed 
and inserted along focal line. 

2. Construct cooking trough by taking 75 
mm x 500 mm sheet metal (copper, 
aluminum, mild steel etc.) and folding to a 
U shape. Paint black on the outside and a 
coat inside with tinning paste. You can 
also line the inside with aluminum instead. 

3. Fix the cooking trough along the focal 
line of the cooker using screws and wing 
nuts. &{A) 

7. Insert a length of 12 mm copper tube 
painted black along the focal line. This fits 
into slots in the end plates. Slots should be 
13 mm wide. 

8. Connect plastic tubing to ends of 
copper tube and attach to 4 liter (I gallon) 
or larger plastic bottle with silicon sealant. 

9. A stand can be built to mount the 
collector and container as shown below. 

10. Test your model using the testing 
procedure on your Testing Sheet. 

T!JrJl;ise11!vp 
sl;jhtly lb 
a.5s1sf water 
c1rculaf1on 

Till 7oward 
//;e svns rays 

By cha11!J1M ;J lbe 
c opp<!Er pipe lb a 

{A)?- coo/cit19 1i-ou[jh, yovr ..5o/;;r wate1-
he;3fer be.come...:s a .so/;;,,- cooker: 
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SOLAR HEATER MODEL 7 

PLAN A METAL CONCENTRATOR 
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MODEL 7 PLAN B 
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MODEL 7 PLAN C 
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SOLAR HEATER MODEL 8 

FRESNEL LENS CONCENTRATOR 
INTRODUCTION 
The rresnel (pronounced fra-nell) lens was 
developed by Jean rresnel (1789-1827), a 
rrench scientist, for use in lighthouses. 
rresnel knew that a lens did not have to be 
thick to cause the bending of light rays. 
He designed a flat, layered lens that can 
bend light rays in a similar way to 
conventional lenses. 

The weight and cost of rresnel lenses are 
considerably less than conventional lenses. 
Today they can be made using computer
controlled technology which carves small 
grooves into transparent plastic materials. 

Different types of rresnel lenses are made 
for different purposes. These include large 
spotlights, traffic lights, tail lights on cars, 
overhead projectors, large screen TV 
projectors and wide-angled viewers for 
reading and rear vision in large vans. 

MATERIALS 
• Fresnel lens (any fresnel lens will do). 
• 2 small bolts and wing nuts. 
• Tin can 
• Cardboard or sheet metal (see 

instructions for amount required) 
• Particle board (approx 15 mm thick x 

400x 400) 
• Tape 
• Black paint (flat black is best) 

I\" >l R:\1XG _r_r 

~ 

Fresaei Lens 

Co11vt::1JtJoiJ2/ 
~ f_e.11.s 

The type of rresnel lens that you use to 
make your model will be a concentrating 
type of lens that acts like a conventional 
magnifying glass. 

This model was adapted from a design in 
Science Activities in Energy. 

• Thermometer (Computer monitoring 
can be used with the Science Tool Kit 
hardware and software for Apple 
computers) 

Note: The design for this Fresnel furnace 
can be modified to hold any Fresnel lens 
you have, whether it is round or 
rectangular. Best results will be obtained 
by using a Fresnel lens at least 25 cm 
across. 

'/he _/<JCa! j}()illl c!f" 11 Fresnel lens is extreme(y hot. fl u111 u111se 

se1·en. 1 lmr11s. /Ju 110/ /ooh al the _/<Jcal j)()illl _/<Jr lo11p, /Jeriods 
ll'ilhu11/ ll'ettrinp, lY'I_T darl-! pJ({sses. 
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SUGGESTED METHOD 
1. Make a frame for your Fresnel 
lens. 

Cut a 12 cm wide strip of sheet metal (or 
cardboard). Wrap it around the lens, 
cutting slits to hold it in position. 

□ 

rresoel 
Le11..s~ 

□ 
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2. Construct the Fresnel lens 
concentrator. 

3. Test your Model. 

Pollow the testing procedures on your 
Testing Sheet. 

Bolls and wiaq nvTs 
allow le1Js 7'o ro1ale. 

~!!817 ar roca/ po/11/
of f"re.511e/ /e/15. 



SECTION 3 SOLAR HEATING 

INTRODUCTION 
Solar collectors are divided into two basic groups, flat plate collectors 
that absorb the sun's light energy and convert it into heat, and 
focussing collectors that concentrate the sun's light either by reflecting 
or refracting it. 

This section deals with both types of collectors and provides a range of 
models that can be constructed. Further background information on 
solar collectors can be found in the Teacher's Guide. Please refer to 
this section before proceeding with this section. The information can 
be copied for student use if it is appropriate to the year level of pupils. 

A range .of models from very simple to quite complex is presented. 
Teachers should select those models that will suit their purposes and 
their students. You arc strongly urged to allow students to design and 
build their own models and to only use the models provided as a 
"back-up". 

Although there are many models that can be built in this section, they 
all revolve around one major activity: 

Aclivity 4 Building Solar If eaters. 

The computer software package, Science Tool Kit, which measures 
temperatures and light intensity using probes could be used in this 
activity. (From rmagineering Software, suitable for Apple n 
computers). 

MAJOR UNDERSTANDINGS 
The key scientific principles that will be employed in this section are: 

• 77Je difference between heat and 
temperature. 

• Heat abso1pLion of different 
suifaces. 

• Method<; of heat transfer 
(conduction, convection, 
radiation). 
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• Methods of insulation. 

• Properties of niaten·als (metal, 
plastic, glass etc.) eg. thennal 
expansion; the greenhouse effect 

• Reflection of light (especially from 
parabolic sro:faces). 
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Activity 4 

BUILDING SOLAR HEATERS 

INTRODUCTION 
In this activity, students can design and 
build a number of devices to utilize the 
sun's energy as heat. The devices can 
range from very simple to complex and 
involve a number of teacher's and 
departments within the school. 

MATERIALS 
See Model Plans 

0 
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SUGGESTED PROCEDURE 
1. You are strongly urged to allow 
students to design and build their own 
models and to only use the models 
provided as a "back-up". This can be 
done in the form of a challenge such as 
student activity "Mission: Possible". 

2. rf students need any technical help, 
have them call the NATAS number (toll
free) in 1-800 428-2525 (in Montana 1-800 
428-1718). 

EXTENSION ACTIVITY 
You might like to initiate a contest such 
as one tried successfully by a Florida 
teacher: "The Great Solar Cookoff". 
Students could get points for originality, 
number of foods within a dish cooked by 
solar energy, number of different ways 
the foods are cooked (i.e. sun-dried fruits 
in a solar baked pie or cassarole), taste, 
presentation, etc. 



Basic Model lntemediate Model Flat-Plate Cardboard Heater 

Sheet Metal Model Cardboard Concentrator AG_}{ic Solar Water Healer 

Fresnel Lens Concentrator POUX!r Tower Metal Concentrator 

293 118 



119 

STUDENT ACTIVITY SHEET 5 NAME 

.RENEWABLE ENERGY TECHNOLOGY PROJECT 
SOLAR WATER HEATER 

GENERAL BRIEFING 
As we move towards the 21st Century, reserves of fossil 
fuels are being quickly depleted. In addition, the serious 
environmental concerns of acid rain and the Greenhouse 
Effect mean that alternatives to the use of fossil fuels must 
be found, developed and employed as quickly as possible. 
One solution is the increased use of renewable energy 
technologies. 

A major area for renewable energy development is solar Parabolic Trough Collectors 
hot water heating. Solar hot water systems can be used to 
heat swimming pools and also to provide hot water for home~ and industry. 

SOLAR HOT WATER BRIEFING 
Look at the fact sheet Solar Energy. Read through it until you come to the section on 
Photovoltaics. Carefully revi<;w the sections on flat plate collectors and concentrating 
collectors. 

Review the major features of a flat plate collector and write them here: 

Describe a solar pond 

Describe a concentrating collector 
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SECTION 4 
SOLAR EFFICIENT HOUSE DESIGN 

INTRODUCTION 
The principles of designing houses that utilize energy efficient materials 
and building techniques are simple and easy to apply. Allowing a 
group of students the opportunity to design and build a model of a 
solar efficient house can be a stimulating and useful activity. 

There is one major activity included in this section. 

Activity 5 Designing a Solar Efficient House 

MAJOR UNDERSTANDINGS 
The major understandings in this section include: 

• Real world situations can be simulated with models. 

• 71Je sun~ position in the sky changes throughout the year. 

• 1be design principles of solar efficient design include designing 
for climate orientation, insulation, thermal mass and glazing. 
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2. Review with students the 10 steps 
required for their projects. (You may 
wish to modify these). They are outlined 
under the heading Designing the House in 
Student Activity Sheet 6. 

3. Allow students some "brainstorming" 
time to initiate ideas. Some large sheets 
of butcher paper and pens or crayons 
may be useful for students to experiment 
with ideas. 

4. Students should produce a Project 
Brief for your approval before proceeding 
with detailed design and construction. 

5. When students have completed their 
houses, they can be tested using a simple 
solar simulator that is described under 
MATERIALS above. You can challenge 
students to design a way of testing their 
models for winter warming, summer 
cooling etc. If no designs are 
forthcoming, use the simulator suggested 
in the background information. If the 
comouter software Designing an Energy 
Efficient House (Prologic) is available, 
students can try to evaluate their design 
with the aid of the computer. 
Alternatively, students may wish to 
design with the computer and then build 
the model after evaluating the best 
design. 
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EXTENSION ACTIVITY 
Students can use the checklist on Student 
Activity Sheet 7 to come up with a Solar 
Efficient Design Rating for: 

(a) their own house; 
(b) their model house; or 
(c) friends' homes etc. 

A score (or rating) of under 55 indicates 
that the house is not a Solar Efficient 
Design. 
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STUDENT ACTIVITY SHEET 6 

RENEWABLE ENERGY TECHNOLOGY PROJECT 

DESIGNING A SOLAR EFFICIENT 
HOUSE 

INTRODUCTION 
A solar efficient designed house can 
provide you with a comfortable living 
place while saving on energy costs at the 
same time. 

Building these types of houses helps 
preserve scarce resources and lowers 
living expenses. 

THE PROJECT 
You will design and build a model of a 
solar efficient house. The house must be 
designed for the climatic conditions that 
exist in your local area and should be 
designed to meet the needs of your 
family. The house should also be 
designed so that it is warmed by the sun 
in winter but not overheated in summer. 
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BACKGROUND INFORMATION 
There are 5 basic "rules!( that should be 
followed when designing and building a 
solar efficient house. 

1. Climate 

The design must take into account the 
local climatic conditions. The sun's 
varying movements during the seasons, 
the direction of the prevailing winds and 
changing temperatures and humidity 
must be considered. 

2. Direction of House 

The direction or orientation of the house 
will have a considerable influence on it 
energy efficient and comfort. In the US, 
the sun "travels" across the southern part 
of the sky. r n these areas houses should 
be positioned so that living areas face 



south. Tl1is will allow the winter sun to 
penetrate and warm the house. (How is 
this different from houses in the Sou.them 
Hemisphere?) 

3. Windows and Shading 

The large windows in the house should 
be on the south side. This will allow 
the winter's sun to warm the living 
areas. These windows should also be 
protected using some sort of shading 
device to keep out the hot summer sun. 

One way to do this is to provide a 
correctly sized eave or porch overhang 
over the windows. 

Windows to the cold north side of the 
house should be kept to a minimum and 
east and west facing windows need to be 
shaded from the sun. 

4. Building Materials 

Heavyweight or massive building 
materials such as concrete floors and 
brick walls can absorb winter warmth 
from direct sunlight. This warmth is 
released into the room when the sun has 
set. In summer these heavy materials 
absorb heat from the room and keep 
temperatures low and comfortable. 

5. Insulation 

Insulation of walls and ceilings will help 
prevent heat from escaping from the 
house in winter and entering the house 
in summer. 

FURTHER INFORMATION 
A number of state and federal 
organizations can provide additional 
information. Check with your state 
energy office and the federal toll free # 

1-800-523-2929 
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A computer software package, Designing 
an Energy Efficieni House (Prologic), 
could also be used to provide further 
ideas and information. 

DESIGNING THE HOUSE 
The following steps will assist you in 
designing a solar efficient house: 

1. Identify the Problems 

You are aiming to design and build a 
model of a solar efficient house. 

• What does this mean? 
• What are the key features of such a 

house? 
• How many people will live in the 

house? 
• How many rooms will it have? 
• Where is it to be located? 
• What is the local climate like? 
• What other problems do you need 

to think about before commencing 
the design? 

2. Project Brief 

Submit a Project Brief to your teacher. 
This should include: 
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• Narnes of people in your group. 
• Answers to the quesLions in Step I 

above. 
• A descnjJLion of the proposed design 

(about 200 words). 



• A time-line for completion of the 
project. 

• Tasks to be carried out by each 
member of the group. 

3. Drawings 

Produce a set of drawings for your 
house. Include the appropriate scale. 

4. Model 

Work out the materials and equipment 
you will need. Gather these together. 
Build the model. 

5. Test the Model 

Using either the sun, or the solar 
simulator provided by your teacher, carry 
out tests on your model. Remember that 
you are all trying to achieve winter 
warmth and summer cooling. 

6. Modify your Model 

On the basis of your testing change your 
model to increase performance if 
necessary. 
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7. Final Testing 

Test your modified model. 

8. Final Report 

Prepare a written report that includes 
details of your research, Project Brief, 
design, model, test activities and 
conclusions. 

9. Presentation 

Present your model and your report 
findings to the rest of your class and 
teacher. 

EXTENSION ACTIVITY 
Use the checklist on the nex.1: page to 
rate houses for Solar Efficient Design. 

This may be your own house or some 
other house(s). You could even try 
applying the checklist to your model. 
The checklist is designed for temperate 
climates. It will help you to identify 
features that influence winter and 
summer comfort with reduced heating 
and cooling costs. 
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STUDENT ACTIVITY SHEET 7 

SOLAR EFFICIENT DESIGN CHECKLIST 
For Temperate Climates 

7his checklist will help you to identify features that influence winter and summer comfort with 
reduced heating and cooling costs. 

HOUSES INSPECTED 
DIRECTIONS: G,v(' c·.1ch house <l dcs,gn ,.;,t,n,:: up to ,ts I Design I 2 3 4 5 max11nun1 value. then totcii the scores (add,ng or subt,·,ict,ng 

I rctting 
as the case may be) for each house and comp,;rc dcs,gns 

* lnsuL1Mn ,n ce,!,ng(othcr th.ir, fu,f) 13 

* lnsuldtion ,n walls(othe,· than fo,I) 7 
D Rcnect,ve foil ,nsuiclt,on uncic,· ro(Jf 4 

• Rcnect,vc ,nsuiatJon ,n ·N;iiis 3 

* L1w1g a,·eas ma,nly ,n souths,dc 10 

• Ut,I1!}' roon 1s mair1lv on no11h o, ·,vest s,des I 3 

* W,ndov,s to l,v,ng Jreas protected from sum,, 1cr sun 8 
0 Concrete slab rcx·,, 8 

• 50,50 conucte't,111L,e1 fioo,· 2 
·-

• Brick block u,- stone waiis ,ns,de 6 
-

" W,ndov,·s and ,nlcmal dcxxs p!Jccd to g,vc qu,cL i 
cross-ventila~1on on cool surr1n1er n1t:l11s I s I 

* Wcathersh,elds t:-> extcrn,1I doors 4 
·-

D f)i-ctftsc.1i:, t() \l\1r:·.dov,.1: of liv1ng arc,1s 2 

• f)r/1fhcais ro H1t<.'rTkil dC?e:r~ o( to:!c~. \iundr y 2 
·-

::J Dampc,·1(1, .iit contro: d,, .-,cc ;Cl, op<'n i11·cpl.1cc 3 
[..J Doo,·, to c!ose off heated ,11 (·:ds I 4 
U Cu11<11n:)8:!nds h,1vt~ pclr'?1<-.•ts or top cove!' I 4 

, ~ ~CES AN[) SHRUCS CJShadrn,Mow, ""-" rn,·, I 4 ~ I 

• Shade './\/d/!:) !1-1 sun;r nc 1 f 2 ' 
• Sh,1dc ~Jutd,-_hJr ~:v1n~~ area-; wi :;tj: nr"':1cr· 1 -- 2 ~-

----~- ·---· ·-· -- ------, 
e fJ, o~ndc· tw~:.·1!-. ti_) ccki \:.,inl!.'1 '.h !l'ld'. 

-·-- ___ ]-+----1------- -~ ~-----------------
• P, ovicJc bn,.d:.._ te: h()t : .. un--:q1ci- ,,,,-;-icf., 2 

Sh,1de !f\.,,ng ar·C:'a \l,11ndov1s in winter -6 
Unshddcci cast 01 we-st windows to i,v,ng di c.is -10 

·--
Large cast or west facint~ \,V!ndows -6 
Skyl,ghts over i<•tchen or l1v1ng ,li"eds -6 f 

Glas, roofs to l1v111g o, slecp,ng ;ire;is -10 

T,mbe, floo,· to /,s-,ng area,; -4 
Pern1ancnt op<'.'n wall vents ,n heated areds -4 

TOTAL DESIGN RATING 

* Essential 

D Import.ant 

• Desir-able 

Houses with a rating below 55 
are not Solar Efficient Designs. 
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STUDENT ACTIVITY SHEET 11 C 

PHOTOVOLTAIC EXPERIMENTS 

EXPERIMENT 3 
Efficiency of Solar Cells 

INTRODUCTION 
The efficiency of a solar cell is a measure of how 
well the cell can convert the light energy falling on 
it into electrical energy. If all the light energy 
falling on a cell was converted into electrical energy 
then the efficiency would be 100%. 

The following equation can be used in your 
calculations: 

% Efficiency= Energy Input 
Energy Output 

AIM 

X 100 
1 

To ctlculatc the energy efficiency of a solar cell. 

METHOD 

MATERIALS 

• Solar cell 
• Connecting wire 
• Voltmeter (0-3 i1 
• Milliammeter 0-200 mA 
• Ruler 

1. Set up circuit with the resistance that will result in maximum power output (i.e, 
maximum volts x amps). [f this was done in experiment 1 then this result can be 
used. 

2. Using a ruler measure the cell and determine its surface area in square meters. 

+ 
R 

Circuit Diagram 

1T3 
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3. Determine the power output per square meter of solar cell (Ps). 

Ps = Power output of cell 
Area of cell 

4. Calculate the efficiency of the solar cell. 

% Efficiency = Ps X 100 
Pl 1 

where Ps 

Pl 

power ouljJut ( watts) of solar cell per square meter of cell. 

j}Ower of sunlight (watts) JJower square meter. 

If a pyranometer is not available to measure this figure then the following figures may 
be used: 

Pl = 1000 on a clear summers day. 

Pl = 900 on a clear autumn or spring day. 

Pl 700 on a clear winter day. 

CONCLUSION 
The efficiency of the solar cell was found to be ............ % 

QUESTIONS 
1. Most solar cells have energy efficiencies between 5% and 20%. How does you cell 
compare with these values? 

2. See if you can find out the maximum efficiency that has been achieved for solar 
cells. 

' 
·' 

' 
·' 

·" ... ~ 
.·;:1: 

. .:..~ ~ ·"':.#.' , 

Sofa.- cell array for pumping (jJhoLo fnrm ARCO Solar) 
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STUDENT ACTIVITY SHEET 12 

IS THE SUN REALLY FREE? 
INTRODUCTION 
Some people will tell you that all decisions are based on economics. This activity will show you 
that economics is sometimes a tricky business where the answers really depend on asking the right 
questions - much like one of Murphy's laws - "Where you stand on an issue depends on where 
you sit!". This is a challenging activity and the results may surprise you. 

PART 1 "IT'S THE PRINCIPAL OF THE THING" 
To complete this activity you will need to understand the following terms: 

1. Capital Cost. 
2. Interest Rate. 
3. Inflation Rate. 
4. Principal. 
5. Break-even Point. 

Find and write definition of the following terms. 

PART II WARMING UP 
In this part of the activity, you will some simpler problems. This will help you in PART rrr. 

1. What is the current savings interest rate? (Check with a local bank or newspaper) . 

2. What is the current inflation rate (check newspaper) 

3. Now we are going to look at the concept of future Value. 

You are in luck! One of your relatives has placed $2000 with a bank at the current interest rate 
that you can use in 5 years time. Make a table like Table 1 to see how much you would collect 
in 5 years. (Note: A 6% interest rate is expressed as .06.) 

CAPITAL X INTEREST RATE INTEREST + 
FACTOR• CAPITAL 

Year 1 100 1.06 106 
Year 2 100 1. 12 112 
Year 3 100 1.19 119 
Year 4 100 1.26 126 
Year 5 100 1.34 134 

• The interest rate factor for Year 1 is (1 + interest rate), Year 2 is (1 + interest rate) (I + interest 
rate), Year 3 (1 + interest rate) X (1 + interest rate) X (1 + interest rate) etc. Can you derive 
a general formula? 

303 
178 



179 

4_ It's just as well you have a generous relative because you are broke! And there's this 
awesome, very fuel efficient ethanol-powered motorcycle that will be just right in 5 years time. 
However, the cost of the motorcycle is $2,500 today and increasing at the current inflation rate. 
Will you be able lo afford il in 5 years time from the money your relative has invested? 

5. Congratulations, you have just made an economic decision! But wait a minute, are there any 
factors in your analysis that may change during the 5 years? If yes, what are they? If you 
answered yes, then congratulations again. You have just discovered the uncertainly of any 
economic decision. Try the analysis again for an interest rate that is 25% less than the one you 
used. 

6. Now let's look more closely at one economic analysis. Suppose you wish to buy a house (ok, 
it's a bit early, but time goes quickly). You have been give an choice: you can buy an ordinary 
house for $80,000 or a solar efficient designed house for $1000 extra - which is in reality the 
approximate extra cost for solar features. The bank will charge you 10% interest for using their 
money. Monthly repayments are $675 for the ordinary house and $685 for the solar house (over 
25 yea,s). Your solar house, however, will save you $25 each month (on average) in energy bills 
and those bills are increasing at the inflation rate each year. 

How much lower is your monthly repayment? Suppose that you put the money you save into 
repaying your loan. Your loan will be paid in 17 years instead of 25. How much money would 
you eventually save with a solar efficient house? Ts the money you will save in future dollars or 
present dollars. \Vhat are the total repayment costs for (a) the ordinary house, or (b) solar house? 

Before we begin the next section, lets look al one more concept. That concept is "Interest forgone 
on Investment''. It means simply: how much interest would I have made if I had taken my money 
and invested it. For example, it instead of spending an extra $ 1000 on a fuel-efficient car, I 
invested the money at 10%, I would earn $1000 x 10% or $100 each year towards buying more 
gasoline. Buy buying the fuel efficient car, I have "forgone" interest but I may be better off if I 
do a lot of driving. Why? 

PART Ill THE MAIN ANALYSIS 
OK. Here it is: Which costs more: A solar hot water system or an electric hot \Vater system for 
a family of 4 that uses 4400 kWh/year lo heat the ·water. 

These arc your assumptions: 

Capital costs: 

Solar contribution: 

Useful life of both systems: 
Initial cost electricity: 
Gen. in0ation rate: 
I ntercst rate: 
Maintenance Costs: 

solar - $1,400 
electric - $ 500 
70% (This means that the solar system requires a 30% boost from 
1320 kWh of electricity per year). 
12 years 
3.5<t I kWh 
10% 
14% 
2% of capital COSLS. 
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CALCULATIONS 
(a) What is the simple payback period of the solar system? 

Use the formula: 

Simple Payback Period = Capital cost of solar system 
Annual savings compared with electric system 

(b) Fill in Table 2 and determine the total costs for the solar system and the electric system. 
Which is the cheapest? What factors other than economics should be taken into account when 
comparing costs? 

* !YEAR INFLAT- ELECT- El'"F.RGY ENERGY SAVING C W.l'LA TI VE 
ION RICITY COST OF COST OF WITH SAVIKCS 
FACTOR COSTS SOLAR I ELECTRIC SOLAR 

(<;:/kWh) SYSTEP ! SYSTEM SYSTEM 
i 

$ I $ $ 

l 
,., 

.) 

4 

I 5 
6 
7 i 

I 

8 j 
9 I 

l C' 
I 

1 l 
12 

• Adjust costs by the inflation rate. 

EXTENSION EXERCISE 
You may wish to consider the following alternatives and discuss or calculate the changes they will 
make to the economic analysis. 

1. You could invest the $1200 extra needed to pay for the solar system. Would this be a better 
investment than buying the solar system? Don't forget you will have to pay income tax on the 
interest you earn. 

2. You could borrow the $1200 to pay for the solar system and use the savings on energy costs 
to assist in paying off the loan. \Xfould this be a wise decision1 

3. Write a computer program that will allow you to vary each factor and calculate results quickly. 
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RESULTS 
Make a table for your data with these headings: 

Elevation 
Angle 

Current 
(Amps) 

Complete the table for your data. 

CONCLUSION 

Voltage 
(Volts) 

Power 
(Watts) 

Plot a graph of power output vs. angle of elevation and determine the angle where 
power is a maximum. 

QUESTIONS 
1. What factors should be taken into account when placing a solar cell (or panel) in a 
fixed position for electricity production? 

2. If solar panels are to be used to provide electricity for a house how can the power 
output be maximized? 
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SECTION 6 SOLAR ECONOfvTICS 

INTRODUCTION 
The "real world11 often makes decisions based on stringent economic 
criteria. In many cases solar technologies have been ignored because 
they do not satisfy the limited economic criteria imposed by the 
business community. These criteria do not account for environmental 
degradation or fuel source depletion. Open and hidrien subsidies to 
conventional fossil fuel technologies are often neglected when 
renewable energy technologies undergo economic evaluation. Using 
different economic criteria and assumptions can pose interesting 
questions for energy decision makers. 

There is only one activity in this section: 

Activity 10 Does Solar Make Cents? 

MAJOR UNDERSTANDINGS 
The major understandings in this section are: 

• Economic analysis is a useful decision-making tool. 

• Any economic analysis requires certain assumptions !o be made. 

• Solar efficient house designs can reduce the time required to 
repay a mortgage from reduced energy costs. 

• Some solar technologies can be evaluated in a 'JJayback analysis 11 

that shows the amount of time necessary before the additional 
cost of the solar equipment is paid back by savings in energy 
bills. 

• Life-cycle costs and levelized costs can be used for economic 
analysis of solar !echnotogies. 

EJffiE]l:Q 
G ETI:f3 EJ 

GEJ 
, ~GO 

GBE!EJO 

Cl 

307 175 



Activity 10 

DOES SOLAR MAKE CENTS? 

INTRODUCTION 
This is a challenging activity where 
students can explore many of the 
concepts of economic analysis. 

HANDOUTS 
• Student Activity Sheet 12 "fs the Sun 

really free?' 

SUGGESTED PROCEDURE 
1. Prior to this activity, you may wish to 
review the concepts of capital cost, 
interest rate, rate of return, and inflation 
rate with some simple examples using 
solar technologies. (There are some of 
these on the student activity sheet). 

2. Ask the class the question: 11ft i.s 
worthwhile to buy a solar hot water 
system?'' Let them discuss and debate the 
various points for a few minutes. 
Perhaps make a board listing of 
responses for and against. (They will 
probably argue on economic grounds 
rather than considering wider criteria). 

3. Ask students then to rethink their 
answers and to think of criteria or 
assumptions that are necessary to 
evaluate the usefulness of a solar hot 
water system or any energy technology. 
These should include cost, energy 
savings, money savings, reduced 
pollution, more independence, etc. 
Discuss that there are quantitative criteria 
and qualitative criteria. Ask students if 
there are any ways to quantify the value 
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of using solar technologies for the 
qualitative criteria - i.e. can you put a 
price on clean air, independence, etc. 

4. Define a simple pay-back period as 
the time required to pay for equipment 
that will save money in its operation i.e. 

Capital Cost = "break even" point 
Annual Saving (payback period) 

Use a simple example such as - Solar 
HWS cost $1,400; Savings in hot water 
costs/year = $200. 

Break even or simple payback = $1400 
$200 

7 years 

5. Discuss the future value of things -
money, cars, etc. Ask why things in the 
future cost more than today (inflation). 
Discuss the inflation rate. Show that 
investing $1 today can produce $1 + ($1 
x y) dollars next year (y = interest rate). 
Therefore any money saved will have a 
future value that is different from its 
present value. Ask students to think 
about object that they may wish to buy 
that they are saving for - car, boat, 
stereo etc. Exercise on the Student 

' Activity Sheet may help on this. 

6. Students complete Student Activity 
Sheet 12. 
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LEARNER OUTCOIV[ES OF THE SUN CHASER EDUCATIONAL PROGRAM 

I. Students will be able to define energy, as well as understand the different forms of 

energy and how energy is transferred. 

2. Students will be able to understand how and when they use energy, the types of 

energy they use and the sources of their energy. 

3. Students will be able to understand the environmental results to their energy use, 

especially pertaining to acid rain, global warming, water resource degradation, ozone 

depletion, smog and ground water pollution. 

4. Students will be able to: I) develop an understanding of energy conservation and 

methods they can enact in their lives; 2) be able to define and understand the value of 

using wind generated power, biomass, geothermal and solar energy 
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SUN CHASER LESSON PLAN 

LESSON I - WHAT IS ENERGY? 

/. Perform several demos on energy. 
- Place demos in a line in front of group. You will refer back to them later. 

* Burn magnesium 
* Solar cell and motor 
* Burn a candle 
* Blow up balloon and release if 
* Mix sodium bicarbonate and dilute acid 

2. Ask the students which of the demos demonstrated energy and why. Help guide the 
students to a definition of energy being sure to emphasize the following points: 

* Energy can be detected only when some kind of change occurs. It cannot be seen. 
* Energy exists in manyforms. Some of the energy forms are more useful than 
others. 
* Energy can be changed/ram one form to another. 

Energy is the ability to do work. 

3. What are the different forms that energy can have" 
- Potential and kinetic are energy categories and should not be included in the list of 
energy forms. 

* Heal (thermal) 
* light (radiant) 
* Mechanical 
* Chemical 
* Nuclear 
* Electrical 

4. Ask the students what form of energy each of the demos is an example of 

* Burn magnesium - heal, chemical, light 
* Solar cell and motor - light, electrical, mechanical 
* Blow up balloon - mechanical 
* Sodium bicarbonate and dilute acid··· chemical 
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LESSON 2 - HOW DO WE USE ENERGY? 

Using "Kenny the Consumer" trace energy use through a typical morning 

* Begin by having Kenny in bed and as his alarm goes off have the students come 
up with the ways Kenny will use energy during the morning up until his arrival at 
school. 
* Move Kenny from room lo room as the sto,y progresses. 
* Keep a list of the energy uses of Kenny so you can refer back to them during 
the energy conserl'ation lesson. 
* After the students have generated a list of Kenny' energy uses, have the 
students categorize them into the different energy types. 

LESSON 3 - WHAT ARE THE SOURCES OF OUR ENERGY 

I. Go back to the list of Kenny's energy use and have the students tell you what 
the source of that energy is. 
- For younger groups list the energy sources and explain what each one is. 
* Energy sources are 

-Petroleum 
- Natura! Gas 
-Coal 
- Propane Gas 
-Nuclear 
- Solar 
- Hydropower 
- Geothermal 
- Wind 
-Biomass 

* After a list of sources are generated for Kenny's usage add any others.from 
the above fist that were not mentioned Explain what they are as you add 
them. 

2 Explain to the students that energy can fall into two main categories: 
A. Nonrenewable - these are sources of energy in which supplies arc limited. 
B. Renewable - these sources can be replaced by natural processes at a rate 

comparable to their use. 
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3. Have the students place the list of energy sources into either the renewable 
energy group or nonrenewable energy group. 

* Nonrenewable: 
-Coal 
- Natural Gas 
-Nuclear 
-Petroleum 
-Propane 

* Renewable: 
-Biomass 
- Geothermal 
-Solar 
-Wind 

Which is the majority of Kenny's energy sources? 

4. Show the students the current national energy use trends. 

* Coal 22.3% 
* Natural Gas 23.1% 
* Nuclear 7.6% 
* Petroleum 37.2% 
* Propane 1.7% 
* Biomass 3.2% 
* Geothermal 0.-1% 
* Hydropower -/./% 
* Solar 0.3% 

* Wind 0.0-1% 

5. Explain that the problem with relying on nonrenewable energy sources is not 
only that they will eventually run out but also fossil fuels such as coal, natural 
gas, and petroleum are a major source of pollution on our planet. 

* Hold a piece o_f paper abo,•e the burning candle and show the students 
hoH' it becomes black. 

- Explain that pollution from burning fossil fuels leads to problems like: 
* Global Wanning 
* Ozone layer depletion 
* Acid Rain 
* Smog 
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LESSON 4 - HOW CAN WE CONSER VE ENERGY? 

To help model energy conservation use the energy cycle. Refer to the energy cycle 
manuals for set up and instructions. 

l. Have the students go back to Kenny's energy use list and come up with ways 
Kenny can save energy. 

* Be sure to cover the following points: 
- reduced energy use 
- alternatives to some of the energy uses (ex. air dry hair instead of bloiv 

d1ye1) 
- replacing some of the electrical items in the house with energy efficient 

ones. 
- using renewable energy sources 

2. Use the energy cycle to emphasize energy conservation 

A. Fluorescent bulbs Vs incandescent bulbs 
* Have a student pedal H'hile turning on the incandescent bulbs and then 
the fluorescent bulbs. 

- which bulbs were easier to use? 
* Have student feel both bulbs when they are lit. 

- do you feel any difference? 
* The incandescent bulb generates more heat 
* Points to make in discussion: 

- 10% of energy in incandescent bulbs is transferred info lighr 
energy and 90% is released as heat. 
- 40% of energy in fluorescent bulbs is tran~ferred info fight and 
60% is released as heal. 
- how much more efficient are j/uorescen/ bulbs (../x) 

B. Have another student pedal while you compare a fan with the hair dryer. 
* Whal is the difference between the fan and the hair d1yer. (one 
generates heal) 
* Tell students that appliances that generate heal use more energy than 
appliances that do 110/. 

* Ask the students which appliances in their house produce heat. 
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C. Remind the students that although they are saving energy, the energy they 
are still using is probably being produced by the burning of fossil fuels. 
* Review environmental effects of burning fossil.fuels. 
* Ask the student.,; if there is another way Ke1111y can get his energy. 
* Lead the discussion to the using <if renewable energy and review the 
kind'>. 
* Explain to the students that 

- wifortunate!y Kenny does not live near a river so he cannot use 
hydropower 
- Kenny does not live near a source for geothermal like a geyser 
- Kenny lives in an area that does not have a lot of wind 
- Kenny could use biomass in the form of wood for heat 
- Kenny could use solar for both heat and electricity 

D. Ask the students how many have ever used solar (sunlight) energy to 
produce electricity. 
* Many of the students wi II probably say 110. Show them that many are or 
may use solar energy to nm a calculator. Show them the solar cell 011 the 
calculator. 
* Explain that the cell 011 the calculator is called a photovoltaic cell and 
that photovoltaic cells are also used to run electric fences, satellites, and 
the space shuttle. Anywhere it is difficult to nm power lines. 

LESSON 5 - HOW CAN \VE USE SOLAR ENERGY TO POWER A HOUSE 

For older students explain the photovoltaic effect (see insert). For younger 
students simply explain that solar cells are able to convert light energy into electrical 
energy. 

I. Using the small solar demo explain how solar cells can be wired to run 
electrical devices. 

* Explain how the ivires carry the electrical current from the solar panels to 
the motor and back to the panels. The flow of electricity makes the motor 
work. 

2. Explain to the students that in order to harness enough power for a house, 
larger solar panels need to be used. 

* Show the students the panels 011 the Sun Chaser. 
* Explain that larger solar cells can harness more (?[ the suns energy. 
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3. Ask the student why there arc so many panels on the trailer. 

* f.xplai11 that just like large radios like boom boxes need larger and 
111ore batteries than a walkman a house will need larger and more solar 
panels. You could also use a large and small flashlight. 

4. Ask the student what would happen if it were cloudy or nighttime. Could we 
still use our solar system? 

* Using the small demo, hold a piece of black construction paper over the 
solar panel (cloud or night). 
* Lead the discussion towards energy storage. 
* Show the students the batteries in the trailer. 

5. Plug several electrical devises into the trailer for demonstration 

6. For older students cover the following additional points. 

* Solar panels and batteries nm on DC (direct current). 
* For a house lo use the energy using common apphances the electricity 11111st 
be converted to AC (alternating current) and regulated to 120 volts. 
* Sho11· student inverter. 
* Explain that so111e inverters will allow multiple power inputs such as solar 
and wind or solar and power lines. 
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Light of sufficient energy can 
dislodge a negative electron from 
its bond in the crystal, creating a 
positive hole (a bond missing an 
electron). These negative and 
positive charges, which move 
freely for a time about the crystal 
lattice, are the constituents of 
electricity. 

five silicon atoms: the 
original atom plus the four 
other atoms with which it 
shares its valence electrons. 

The solid silicon crystal 
is composed of a regular 
series of units of five 
silicon atoms. This regular, 
fixed arrangement of 
silicon atoms is known as 
the crystal lattice. 

Meanwhile, the atom 
left behind by the freed 
electron contains a net 
positive charge in the form 
of the generated hole. This 
positive hole can move al
most as freely about the 
crystal lattice as a free 
electron in the conduction 
band, as electrons from 
neighboring atoms switch 
partners. These light-

Light. generated charges, both 

Absorption: positive and negative, are 

Cri a ting the c~r1:tituents of 
- e electncity. 
Charge Carriers . 

When a photon of suffi- Forming the 
cient energy strikes a Electric Field 
valence electron, it may Photovoltaic cells con-
impart enough energy to tain an electric field that is 
free it from its connection 
to the atom. This leaves a 
space in the crystal struc
ture where an electron 
once resided (and 
bonded), called a "hole." 
The electron is now free to 
travel about the crystal lat
tice. The electron is novv 
a part of the conduction 
band, so called because 
these free electrons are the 
means by which the crys
tal conducts electricity. 

created when semiconduc
tors with different electri-
cal characteristics come 
into contact. The electric 
field drives positive and 
negative charges in op
posite directions. The 
movement of charge car
riers (through an external 
circuit) is \,vhat defines 
electricity. 

There are several ways 
lo form the electric field 
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in a crystalline silicon PV 
cell. The most common 
technique is to slightly 
modify the structure of 
the silicon crystal. This 
technique, known as 
"doping," introduces an 
atom of another element 
(called the "dopant") into 
the silicon crystal to alter 
its electrical properties. 
The dopant has either 
three or five valence 
electrons, as opposed to 
silicon's four. 

Phosphorus atoms, 
which have five valence 
electrons, are used for 
doping n-type silicon (so 
called because of the 
presence of free negative 
charges or electrons). A 
phosphorus atom occupies 
the same place in the 
crystal lattice that was 
occupied formerly by the 
silicon atom it replaced. 
Four of its valence 
electrons take over the 
bonding responsibilities 
of the four silicon valence 
electrons that they 
replaced. But the fifth 
valence electron remains 
free, without bonding 



Substituting a phosphorus atom 
(with five valence electrons) for 
a silicon atom in a silicon crystal 
leaves an extra, unbonded 
electron that is relatively free to 
move around the crystal. 

.=:::-.:::-..., Phosphorus 
atom 

I l 
I I 

I 0 I 
~I Extra 

unbound 
I electron ,------

' ..J._ _______ _ 

responsibilities. This un
bonded valence electron 
behaves like a permanent 
member of the crystal's 
conduction band. 

When numerous phos
phorus atoms are sub
stituted for silicon in a 
crystal, many free, 
conduction-band electrons 
become available. The 
most common method of 
substitution is to coat the 
top of a layer of silicon 
with phosphorus and 
then heat the surface. This 
allows the phosphorus 

atoms to diffuse into the 
silicon. The temperature is 
then lowered so that the 
rate of diffusion drops to 
zero. Other methods of in
troducing phosphorus into 
silicon include gaseous 
diffusion, a liquid dopant 
spray-on process, and a 
technique in \,vhich phos
phorus ions are driven 
precisely into the surface 
of the silicon. 

This n-type silicon can
not form the electric field 
by itself; it is also neces
sary to have some silicon 

Boron atom 

Substituting a boron atom (three valence electrons) for a silicon atom 
in a silicon crystal leaves a hole (a bond missing an electron) that is 
relatively free to move around the crystal. 
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altered to have the 
opposite electrical 
properties. Boron, which 
has three valence 
electrons, is used for 
doping p-type (positive
type) silicon. Boron is 
introduced during silicon 
processing, where silicon 
is purified for use in PV 
devices (see Chapter 3). 
When a boron atom as
sumes a position in the 
crystal lattice formerly oc
cupied by a silicon atom, 
there is a bond missing an 
electron-in other words, 
an extra hole. In p-type 
material, there are many 
more positive charges 
(holes) than free electrons. 

Holes are much more 
numerous than free 
electrons in a p-type 
material and are therefore 
called the majority charge 
carriers. The few electrons 
in the conduction band 
of p-type material are 
ref erred to as minority 
charge carriers. Inn-type 
m;:iterial, electrons are the 
majority carriers, and 
holes are the minority 
carriers. Both p-type and 



14 

n-Side 

Extra electrons 

(!) 

u 
(U 

't: 
:::, 
<fl 

u 
(U 

c 
0 

0 

n-type silicon are by them
selves electrically neutral; 
that is, each material con
tains an equal number of 
negatively charged 
electrons and positively 
charged protons. 

The majority charge car
riers, however, have excess 
energy that is not bound 
up in valence bonding 
with neighboring atoms. 
This higher energy allows 
them to traverse the crys
tal lattice. The majority 
carriers------electrons in 
n-type and holes in p-type 
silicon-are the ones that 
physically respond to an 
electric field. Electrons are 
attracted to and holes are 
repelled by an electric 
field. 

Where n-type and 
p-type silicon cotne into 
contact, an electric field 
forms at the junction 

I 

(referred to as the p-n 

p-Side 
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process. The majority 
charge carriers are more 
energetic and more mobile 
than the minority carriers. 
They are therefore able to 
move from where they are 
highly concentrated across 
the junction to a lower con
centration. This is called 
diffusion. In addition, they 
are attracted (electrically) 
by the opposite charge 
of the majority carriers 
across the junction. In the 
immediate area of the junc
tion, the "extra" electron 

n-Side 

Although both materials 
are electrically neutral, 
n-type silicon has excess 
electrons and p-type 
silicon has excess holes. 

from the phosphorus fills 
the hole across the junc
tion in the boron atom. 
Holes then overpopulate 
the immediate vicinity of 
the interface on the n-type 
side; electrons overpopu
late the p-type side. This 
overabundance is true 
only in the immediate 
vicinity of the junction, 
however. The bulk of the 
n-type silicon is still popu
lated with negative char
ges; holes remain the 
majority charge carriers 

p-Side 
~-------------.----------~;g 
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0 
0 
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interface, or p-n junction). 
Like floodvvaters breaking 
through a dam, sorne 
majority charge carriers on 
each side rush over lo the 
other side. There are two 
forces al v,1ork in this 

When n- and p-type silicon come into contact, electrons move from 
the n-side to the p-side. This causes a positive charge to build on the 
n-side of the interface (or p-n junction) and a negative charge to form 
on the other side. 
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n-Side p-Side 

The buildup of excess positive and negative charges on either side of 
the junction creates an electric field across the interface; the strength 
of this field depends on the amount of dopant in the silicon. At 
equilibrium, the electric field repels any additional crossover of holes 
from the p-side or electrons from then-side. 

in the bulk of the p-type 
silicon. 

At equilibrium, when 
all the charge carriers 
have settled down again, 
a net charge concentration 
exists on each side of the 
junction. This overpopula
tion of opposite charges 
creates an electric field 
across the interface. The 
strength of the electric 
force field depends upon 
the amount of dopant in 
the silicon-the more 
dopant we have, the 
greater will be the clif-
f erence in electrical proper
ties on each side and the 
greater the strength of the 
built-in electric field. 

its random course, they 
would recombine in about 
a millionth of a second 
and contribute nothing to 
an electrical current. But 
PV cells are so constructed 
that minority carriers have 
a good chance of reaching 
the electric field before 
recombining. 

When a minority carrier 
(on either side of the junc
tion) comes close enough 
to feel the force of the 
electric field, it is attracted 
to the interface; if the car
rier has sufficient energy, 
it is propelled over to 
the other side. Majority 

n-Side 

carriers, on the other hand, 
are repelled by this same 
electric field. 

By acting this way, the 
field sorts out the 
photogenerated electrons 
and holes, pushing new 
electrons to one side of the 
barrier and new holes to 
the other. This sorting-out 
process is what gives the 
push to the charge carriers 
in an electrical circuit. 
Without the electric field, 
charge carriers generated 
by the absorption of light 
would go nowhere except 
back into the lattice. 

p-Side 

The Electric 
Field in Action: 

cr=....,..,,-=--c-,--c= 

Driving the 
Charge Carriers 

When a photon of light 
energy is absorbed by a 
silicon atom, an electron
hole pair is created, and 
both the electron and the 
hole begin moving 
through the material. If 
nature were left to take 

0 
M 

M 
~ 
0 
0 

;i; 

When sunlight striking a cell creates charge carriers, the electric field 
pushes new electrons to one side of the junction and new holes to 
the other. This sorting-out process is what drives the charge carriers 
in an electric circuit. 
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Sunlight 

An(ireflec(ion coating 
Transparent adhesive 

lltlt 
Cover glass Current_.._ 

Attaching an external circuit allows the electrons to flow from the 
n-layer through the circuit and back to the p-fayer where the 
electrons recombine with the holes to repeat the process. 

Attaching an external 
circuit allows the electrons 
to flow from then-layer 
through the circuit and 
back to the p-layer, where 
the electrons combine with 
the holes to repeat the 
process. If there is no exter
nal circuit, the charge car
riers collect at the ends of 
the cell. This buildup con
tirmes until equilibrium 
voltage (called the open
circuit voltage) is reached. 

Energy Band 
Gaps 

When photons of sun
light strike a PV cell, only 
the photons \vith a certain 
level of energy are able to 
free electrons from their 
atomic bonds to produce 
an electric current. This 
level of energy, known as 
the band-gap energy, is the 
amount of energy required 
lo move an outer-shell 
electron from the valence 
band (or level) to the con
duction band (or level). 

It is different for each 
material and for different. 
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atomic structures of the 
same material. 

For crystalline silicon, 
the band-gap energy is 1.1 
electron-volts (eV). An 
electron-volt is equal to 
the energy an electron 
acquires when it passes 
through a potential of 
1 volt in a vacuum. Other 
PV cell materials have 
band-gap energies ranging 
from 1 to 3.3 e V. The 
energy of individual 
photons in light is also 
measured in e V. Photons 
with differedt energies 
correspond to distinct 
wavelengths of light. The 

entire spectrum of sun
light, from infrared to 
ultra violet, covers a range 
of about 0.5 e V to about 
2.9 eV. Red light has an 
energy of about 1.7 e V; 
blue light has an energy of 
about 2.7 e V. 

One key to obtaining an 
efficient PV cell is to con
vert as much sunlight into 
electricity as possible. 
Choosing the best absorb
ing material is a very im
portant step, because the 
band-gap energy of the 
material determines 
how much of the sun's 
spectrum can be absorbed. 

Photons with energies greater than the semiconductor material's 
band-gap energy are required to move electrons from the valence 
band to the conduction band and produce a current; crystalline 
silicon's band-gap energy is 1.1 eV. 



Light energy 

Different PV materials have different characteristic energy band gaps. Photons with energy greater than 
the band gap may be absorbed to create electron-hole pairs. Photons with energy less than the band gap 
pass through the material or create heat. 

Silicon, for example, re
quires photons to have an 
energy of at least 1.1 eV 
to be absorbed and create 

, pairs of charge carriers. 
Photons with less energy 
either pass right through 
the silicon or are absorbed 

' as heat. Photons with too 
much energy are absorbed 
and contribute free charge 
carriers, but they also heat 
up the cell. About 55% of 
the energy of sunlight can
not be used by most PV 
cells because this energy 
either is below the band 
gap or carries excess 
energy. Researchers are 
working on advanced cell 
designs that can reduce 
those losses. 

Materials with lower 
band-gap energies can 
exploit a broader range 
of the sun's spectrum of 
energies, creating greater 
numbers of charge carriers 
(greater current). We 
might conclude that 
material with the lowest 
band gap would thus 
make the best rv cell. Gut 
it isn't quite that simple. 
The band-gap energy also 

influences the strength of 
the electric field, which 
determines the maximum 
voltage the cell can 
produce. The higher the 
band-gap energy of the 
material, the higher the 
open-circuit voltage. 

The power from an 
electrical device such as a 
PV cell is equal to the 
product of the voltage (V) 
and the the current (0. 

Lmv-band-gap cells have 
high current but low volt
age; high-band-gap cells 
have high voltage and lm-v 
current. A compromise is 
necessary in the design 
of PV cells. Cells made of 
materials with band gaps 
between 1 eV and 1.8 eV 
can be used efficiently in 
PV devices. 
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PROGRAM SURVEY 
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SUNCHASER EDUCATIONAL PROGRAM SURVEY 

Name of instructor -----------------

Name of organization ________________ _ 

How did you hear about the Sunchaser program? 

What educational topics did you cover using the Sunchaser? 

Did you perform a preunit and/or postunit? If so what were they? 

Did you use the Sunchaser in a unit that already existed or did you create a new energy 
unit specifically for the Sunchaser? 

How would you rate the Sunchaser as an educational tool? 

1 
excellent 

2 

Comments: 

3 4 5 6 7 
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How would you rate the Sunchaser instructional program? 

I 
excellent 

2 

Comments: 

3 4 5 6 7 

How could the instruction be improved and more effective? 

8 9 10 
poor 

Did you receive adequate support in using the Sunchaser? Why or why not? 

What improvements could be made to increase the educational or user effectiveness of 
the Sunchaser educational program? 
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APPENDIX-D 

PROMOTIONAL PAMPHLET 



· Res€tve ··tffejEq~f~Y.I~.l~11:t~!Isi~,~:t;g:has~Ffq~~!fltJ~{:~: 
Energy Cycle User Fees 

Travel Expenses: 
· Users either provide their own trans- · 

portation for the· cycle or cover all tran{-
. portation costs incurred in transport @ 

$0.75/ mile. (driv~ time reimbursement is 
included) 

Instructor Fees: 
·If an instructor is needed the user will 

' pay: 
$20/hour (school gri;)Up) 
$30/hour (utility _or for-profit business) ·. 

._,"j Users can provide their own•instructor if 
~operly trained (as defined by MREA 
staff). 
* Users will_ also cover any other expehses 
incurred by the instructor. (i.e., food, 
lodging) · 

Administrattve/Maintenance fee: 
All users will pay a fee to the MREA to 

cover administrative and maintenance• 
costs. 

Non-Profit Users:· $25 
For-Profit Users: $50 

Sun Chaser User Fees 

. School. Use: 
For schools in Wisconsin, users will 

pay a fee of $25 for use. The school 
program is subsidized by a grant from the 
Natio_nal Resources Founq_ation of Wis
consin. 

Other User Groups: 
Please contact the MREA office for 

specific rates. 
~ Rates max inc'.ud~ travel expenses, . J "\ 
mstructor fees! equipment 1 , 
use and setup fees. · . ~ © 

~ 
To reserve the 

Energy Cycle or Sun Chaser, 
or for more information, contact: 

MREA, 
PO Box 2ti9, 

Amlierst, WI 54406 
phone: (715) 824-5166, 
. fax: (715) 82~-5399, 

· e-mail: mreainfo@wi-net.com 

I 
The Midwest Renewable Energy Association is anon-profit, member-based, 
organizatio_n that provides a network tot sharing ideas; resources, and . 
information with iridivi~uals, businesses, and communities to prom~tea 
sustainable future through renewable·.energy and energy efficiency. 
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"What a wonderful 
way to reach my , 
students, I was able 
to do a hands-on 
activity that really 
brought renewable 
energy down to a 
teachable level tha't 
my students could 

, understand, when 
can I have it back?" 
Steve Hansen 
Teacher 
Wausau, WI 

Sun Chaser 
The Sun Chaser is a mobile renew

able energy exhibit and photovoltaic 
power unit. It can be used to power 
events, teach about renewable energy, 
and demonstrate photovoltaic tech
nologies. Equipment on the Sun 
Chaser jncludes photovoltaic panels; 
inverters,' a power center, and batteries. 
Future additions will include educa
tional demonstrations/models and 
interpretive signs. 

Starting in 1998, the Sun Chaser 
will visit Wisconsin middle and high 
schools to teach students about renew
able energy and solar po;,ver. Schools 
can choose to have a MREA instructor 
present lessons to their classes or, with 

·- training, keep it for a week.to use with 
their classes as they see fit. Thanks to 
a grant from the National Resources 
Foundation of Wisconsin we are able 
to offer this educational experience to' 
schools for a nominal charge. 

The Suri Chaser has powered 
several other educational events around 
Wisconsin and Minnesota. These 
include: 

"Protect the Earth Gathering, Mole 
J.-nke, MN 
"WOJB (Public Radio) Off the.Grid 
Day, Hayward, WI 

.:,._ 

:__..:_t.!i;.ii·j•.-,i\F~,..i,. ;i·x .. ,.:·.•.:;.·E_-.,. d·· : .·.· .... · •::.:./rt.1.:~.>1tt.
1f.\;~.t;i~.&1·• ,.I©i:O'i~{; :,_ 110m wll©JfI 

//t,!,,'fSfjj,~~1[{t;";. . .. ,f;;;JJ~~l¢J~~t~ 
:,0rf,h:~~-i~_,W.,.µ,.,-\.<" .,.;-~~ ,. ;yu,,._ -. -· · ~--✓·• •. ?_'.• :'>-"'-."'~_,.<i;'!i<\~~~i:,:~·»,.,IY'.:t .~+~::: 

Energy Cycle 
The Energy Cycle is a bicycle

powered generator that teaches basic 
concepts about energy production, 
conversion, and conservation. 
Students pedal the bike and become 
a _"power plant" that generates . , 
electricity. They exp~rience and 
compare the energy (effort) needed 
to power incandescent and compact 
florescent light bulbs, fans, blow 
dryers, and a radio. This activity' 
leads to discussions about wise 
energy use and practical tips for 
saving energy at home and at school, 
as :,veil as how. our energy use 
affects the environment. 
. · Use the Energy Cycle in schools 
for .a one to two hour lesson odor 
several lessons throughout a unit; 

· and at events like street and county 
' fairs, Earth Day events, and 4-H, 

gatherings. Utilities find that the 
cycle is an effective interactive 
display at trade shows to promote 
their energy efficiency programs. 
The Energy Cycle ~omp!ements the 
Midwest Renewable Energy , 
Association's Sun Chaser, our 
_portable solar.power system 
designed to teach about solar elec
tricity production. 

"Man was thisfim! 
Who would have 
thoaght I could learn 
so much about energy 
by riding a bike? I 
wish I could learn like 
this all the time." 
Ralph 
Energy Cycle Pro
gram Student 
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SUN CHASER EDUCATIONAL PROGRAM PRE-TEST/POST-TEST RESULTS 

Instructions: this test is designed to sample your knowledge of energy related topic. It 
will not be graded. If you do not know an answer please don not guess. 
l. Energy is 

a. the ability to make light 
b. the ability to do work 
c. the ability to make something move 
d. I do not know 

Pre-test - 4 7% 
Post-test- 78% 

2. Coal is which type of energy 
a. renewable 
b. nonrenewable 
c. do not know 

Pre-test - 67% 
Post-test - 81 % 

3. Nuclear is which type of energy 
a. renewable 
b. nonrenewable 
c. do not know 

Pre-test - 59% 
Post-test - 78% 

4. Solar is which type of energy 
a. renewable 
b. nonrenewable 
b. do not know 

Pre-test - 68% 
Post-test - 83% 

5. Hydro is which type of energy 
a. renewable 
b. nonrenewable 
c. do not know 

Pre-test - 68% 
Post-test - 89% 
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6. What is one environmental problem caused by the burning of fossil fuels? 

Pre-test - 41 % 
Post-test- 72% 

7. How many more times efficient are compact fluorescent bulbs than incandescent 
a. lx 
b. 2x 
C. 3x 
d. do not know 

Pre-test - 31 % 
Post-test- 62% 

8. Solar energy can be converted to electrical energy by the 
a. solar panels 
b. wires 
c. inverter 
d. do not know 

Pre-test - 49% 
Post-test- 87% 

9. True or False. Solar energy systems do not work at night. 

Pre-test - 56% 
Post-test - 91 % 

10. List as many ways that you can save energy as you can 

Pre-test - number of adequate answers given-4.6 
Post-test - number of adequate answers given - 7 .2 
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SUN CHASER EDUCATIONAL PROGRAM PRE-TEST 

Instructions: this test is designed to sample your knowledge of energy related topic. It 
will not be graded. If you do not know an answer please don not guess. 
1. Energy is 

a. the ability to make light 
b. the ability to do work 
c. the ability to make something move 
d. I do not know 

2. Coal is which type of energy 
a. renewable 
b. nonrenewable 
c. do not know 

3. Nuclear is which type of energy 
a. renewable 
b. nonrenewable 
c. do not know 

4. Solar is which type of energy 
a. renewable 
b. nonrenewable 
c. do not know 

5. Hydro is which type of energy 
a. renewable 
b. nonrenewable 
c. do not know 

6. What is one environmental problem caused by the burning of fossil fuels? 

7. How many more times efficient are compact fluorescent bulbs than incandescent 
a. lx 
b. 2x 
C. 3x 
d. do not know 

8. Solar energy can be converted to electrical energy by the 
a. solar panels 
b. wires 
c. inverter 
d. do not know 

9. True or False. Solar energy systems do not work at night. 
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10. List as many ways that you can save energy as you can 
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SUN CHASER EDUCATIONAL PROGRAM POST-TEST 

Instructions: this test is designed to sample your knowledge of energy related topic. It 
will not be graded. If you do not know an answer please don not guess. 
I. Energy is 

a. the ability to make light 
b. the ability to do work 
c. the ability to make something move 
d. I do not know 

2. Coal is which type of energy 
a. renewable 
b. nonrenewable 
c. do not know 

3. Nuclear is which type of energy 
a. renewable 
b. nonrenewable 
c. do not know 

4. Solar is which type of energy 
a. renewable 
b. nonrenewable 
c. do not know 

5. Hydro is which type of energy 
a. renewable 
b. nonrenewable 
c. do not know 

6. What is one environmental problem caused by the burning of fossil fuels? 

7. How many more times efficient are compact fluorescent bulbs than incandescent 
a. Ix 
b. 2x 
C. 3x 
d. do not know 

8. Solar energy can be converted to electrical energy by the 
a. solar panels 
b. wires 
c. inverter 
d. do not know 

9. True or False. Solar energy systems do not work at night. 
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10. List as many ways that you can save energy as you can 
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