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 Correlations to National Science Education Standards: Grades 5-8

Intermediate Content Standard A | SCIENCE AS INQUIRY
 Abilities Necessary to do Scientific Inquiry

 Identify questions that can be answered through scientific investigation.

 Design and conduct a scientific investigation.

 Use appropriate tools and techniques to gather, analyze, and interpret data.

 Develop descriptions, explanations, predictions, and models using evidence.

 Think critically and logically to make the relationships between evidence and explanations.

 Recognize and analyze alternative explanations and predictions.

 Communicate scientific procedures and explanations.

 Use mathematics in all aspects of inquiry.

 Understandings about Scientific Inquiry
 Different kinds of questions suggest different kinds of scientific investigations. Some investigations involve observing and describing objects, 
organisms, or events; some involve collecting specimens; some involve experiments; some involve seeking more information; some involve 
discovery of new objects and phenomena; and some involve making models.

 Current scientific knowledge and understanding guide scientific investigations. Different scientific domains employ different methods, core 
theories, and standards to advance scientific knowledge and understanding.

 Scientific explanations emphasize evidence, have logically consistent arguments, and use scientific principles, models, and theories. The scientific 
community accepts and uses such explanations until displaced by better scientific ones. When such displacement occurs, science advances.

 Science advances through legitimate skepticism. Asking questions and querying other scientists’ explanations is part of scientific inquiry. Scientists 
evaluate the explanations proposed by other scientists by examining evidence, comparing evidence, identifying faulty reasoning, pointing out 
statements that go beyond the evidence, and suggesting alternative explanations for the same observations.

 Scientific investigations sometimes result in new ideas and phenomena for study, generate new methods or procedures for an investigation, or 
develop new technologies to improve the collection of data. All of these results can lead to new investigations.

Intermediate Content Standard B | PHYSICAL SCIENCE
 Transfer of Energy

 Energy is a property of many substances and is associated with heat, light, electricity, mechanical motion, sound, nuclei, and the nature of a 
chemical. Energy is transferred in many ways.

 Electrical circuits provide a means of transferring electrical energy when heat, light, sound, and chemical changes are produced.

 In most chemical and nuclear reactions, energy is transferred into or out of a system. Heat, light mechanical motion, or electricity might all be 
involved in such transfers.

 The sun is a major source of energy for changes on the Earth’s surface. The sun loses energy by emitting light. A tiny fraction of that light reaches 
the Earth, transferring energy from the sun to the Earth. The sun’s energy arrives as light with a range of wavelengths, consisting of visible light, 
infrared, and ultraviolet radiation.

Intermediate Content Standard E | SCIENCE AND TECHNOLOGY
 Understandings about Science and Technology

 Technological solutions are temporary; technologies exist within nature and so they cannot contravene physical or biological principles; 
technological solutions have side effects; and technologies cost, carry risks, and provide benefits.

 Perfectly designed solutions do not exist. All technological solutions have trade-offs, such as safety, cost, efficiency, and appearance. Engineers 
often build in back-up systems to provide safety. Risk is part of living in a highly technological world. Reducing risk often results in new technology.

 Technological designs have constraints. Some constraints are unavoidable, for example, properties of materials, or effects of weather and friction; 
other constraints limit choices in the design, for example, environmental protection, human safety, and aesthetics.

This book has been correlated to National Science Education Content Standards. 
For correlations to individual state standards, visit www.NEED.org.
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 Correlations to National Science Education Standards: Grades 5-8

Intermediate Content Standard F | SCIENCE IN PERSONAL AND SOCIAL PERSPECTIVES
 Personal Health

 Natural environments may contain substances (for example, radon and lead) that are harmful to human beings. Maintaining environmental 
health involves establishing or monitoring quality standards related to use of soil, water, and air.

 Natural Hazards
 Human activities can induce hazards through resource acquisition, urban growth, land-use decisions, and waste disposal. Such activityes can 
accelerate many natural chanse.

 Natural hazards can present personal and societal challenges because misidentifying the change or incorrectly estimating the rate and scale of 
change may result in either too little attention and significant human costs or too much cost for unneeded preventive measures.

 Risks and Benefits
 Risk analysis considers the type of hazard and estimates the number of people that might be exposed and the number likely to suffer consequences. 
The results are used to determine the options for reducing or eliminating risks.

 Students should understand the risks associated with natural hazards (fires, floods, tornadoes, hurricanes, earthquakes, and volcanic eruptions), 
with chemical hazards (pollutants in air, water, soil, and food), with biological hazards (pollen, viruses, bacterial, and parasites), social hazards 
(occupational safety and transportation), and with personal hazards (smoking, dieting, and drinking).

 Individuals can use a systematic approach to thinking critically about risks and benefits. Examples include applying probability estimates to risks 
and comparing them to estimated personal and social benefits.

 Important personal and social decisions are made based on perceptions of benefits and risks.

 Science and Technology in Society
 Science influences society through its knowledge and world view. Scientific knowledge and the procedures used by scientists influence the way 
many individuals in society think about themselves, others, and the environment. The effect of science on society is neither entirely beneficial nor 
entirely detrimental.

 Societal challenges often inspire questions for scientific research, and social priorities often influence research priorities through the availability 
of funding for research.

 Technology influences society through its products and processes. Technology influences the quality of life and the ways people act and interact. 
Technological changes are often accompanied by social, political, and economic changes that can be beneficial or detrimental to individuals and 
to society. Social needs, attitudes, and values influence the direction of technological development.

 Science and technology have advanced through contributions of many different people, in different cultures, at different times in history. Science 
and technology have contributed enormously to economic growth and productivity among societies and groups within societies.

 Science cannot answer all questions and technology cannot solve all human problems or meet all human needs. Students should understand the 
difference between scientific and other questions. They should appreciate what science and technology can reasonably contribute to society and 
what they cannot do. For example, new technologies often will decrease some risks and increase others.

Intermediate Content Standard G | HISTORY AND NATURE OF SCIENCE
 History of Science  

 Tracing the history of science can show how difficult it was for scientific innovators to break through the accepted ideas of their time to reach 
conclusions that we currently take for granted.

This book has been correlated to National Science Education Content Standards. 
For correlations to individual state standards, visit www.NEED.org.
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 Correlations to National Science Education Standards: Grades 9-12

Secondary Content Standard A | SCIENCE AS INQUIRY
 Abilities Necessary to do Scientific Inquiry

 Identify questions and concepts that guide scientific investigations.

 Design and conduct scientific investigations. 

 Use technology and mathematics to improve investigations and communications. 

 Formulate and revise scientific explanations and models using logic and evidence. 

 Recognize and analyze alternative explanations and models. 

 Communicate and defend a scientific argument.

Secondary Content Standard B | PHYSICAL SCIENCE
 Structure of Atoms

 Matter is made of minute particles called atoms, and atoms are composed of even smaller components. Theses components have measurable 
properties, such as mass and electrical charge. Each atom has a positively charged nucleus surrounded by negatively charged electrons. The 
electric force between the nucleus and electrons holds the atom together.

 Motions and Forces
 The electric force is a universal force that exists between any two charged objects. Opposite charges attract while like charges repel. The strength 
of the force is proportional to the charges, and, as with gravitation, inversely proportional to the square of the distance between them.

Secondary Content Standard D | EARTH AND SPACE SCIENCE
 Energy in the Earth System

 Earth systems have internal and external sources of energy, both of which create heat. The sun is the major external source of energy. Two primary 
sources of internal energy are the decay of radioactive isotopes and the gravitational energy from the Earth’s original formation. 

 Heating of earth’s surface and atmosphere by the sun drives convection within the atmosphere and oceans, producing winds and ocean currents.

 Global climate is determined by energy transfer from the sun at and near the earth’s surface. The energy transfer is influenced by dynamic 
processes such as cloud cover and the earth’s rotation, and static conditions such as the position of mountain ranges and oceans.

Secondary Content Standard E | SCIENCE AND TECHNOLOGY
 Abilities of Technological Design

 Identify a problem or design an opportunity. 

 Propose designs and choose between alternative solutions. 

 Implement a proposed solution. 

 Evaluate the solution and its consequences. 

 Communicate the problem, process, and solution.

This book has been correlated to National Science Education Content Standards. 
For correlations to individual state standards, visit www.NEED.org.
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 Correlations to National Science Education Standards: Grades 9-12

This book has been correlated to National Science Education Content Standards. 
For correlations to individual state standards, visit www.NEED.org.

Secondary Content Standard F | SCIENCE IN PERSONAL AND SOCIAL PERSPECTIVES
 Natural Resources

 Human populations use resources in the environment in order to maintain and improve their existence. Natural resources have been and will 
continue to be used to maintain human populations.

 The Earth does not have infinite resources; increasing human consumption places severe stress on the natural processes that renew some 
resources, and it depletes those resources that cannot be renewed.

 Natural and Human-induced Hazards
 Natural and human-induced hazards present the need for humans to assess potential danger and risk. Many changes in the environment designed 
by humans bring benefits to society, as well as cause risks. Students should understand the costs and trade-offs of various hazards—ranging from 
those with minor risk to a few people to major catastrophes with major risk to many people. The scale of events and the accuracy with which 
scientists and engineers can (and cannot) predict events are important considerations.

 Science and Technology in Local, National, and Global Challenges
 Science and technology can only indicate what can happen, not what should happen. The latter involves human decisions about the use of 
knowledge. 

 Understanding basic concepts and principles of science and technology should precede active debate about the economics, policies, politics, 
and ethics of various science- and technology-related challenges. However, understanding science alone will not resolve local, national, or global 
challenges. 

 Individuals and society must decide on proposals involving new research and the introduction of new technologies into society. Decisions involve 
assessment of alternatives, risks, costs, and benefits and consideration of who benefits and who suffers, who pays and gains, and what the risks 
are and who bears them. Students should understand the appropriateness and value of basic questions—“What can happen?”—“What are the 
odds?”—and “How do scientists and engineers know what will happen?”
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Teacher Guide
Data driven lessons and activities designed to support classrooms with small wind installations in their school 
community.

Unit Introduction

 Objective

Students will discuss their prior knowledge about wind.

 Science Notebooks

Throughout this curriculum, science notebooks are referenced. If you currently use science 
notebooks or journals, you may have your students continue using these. 

In addition to science notebooks, student worksheets have been included in the Student Guide. 
Depending on your students’ level of independence and familiarity with the scientific process, you 
may choose to use these worksheets instead of science notebooks. Or, as appropriate, you may want 
to make copies of worksheets and have your students glue or tape the copies into their notebooks.

 Procedure

1. Begin the unit by activating students’ background knowledge about wind by asking, “What do 
you think you know about the wind?” Have students record responses in a science notebook, on 
chart paper, or on an interactive board. 

2. Students read Wind Energy, pages 43-54 in the informational text.

3. Throughout the unit, students revisit what they think they know and what they are learning. Talk 
with students about new learning and how that learning has changed or added to what they 
know.

Ongoing Activity: Collecting Weather and Wind Turbine Data

 Objective

Students will gather real-time data and analyze how weather impacts the electrical output of a wind 
turbine. 

 Materials

 Internet access
 Copies of Collecting Weather and Wind Turbine Data, page 20
 Copies of Data Collection chart, page 21

 Preparation

Data collection is an important part of this unit. Decide when in your unit you would like students 
to start collecting data.  You should also decide the length of time you would like students to collect 
data. It is recommended that you collect data for a minimum of two weeks. Make copies of the Data 
Collection chart for as many weeks as you select. You may also choose to create your own spreadsheet 
for data entry and analysis. It can easily mirror the one within the guide, or reflect data points you 
select. Students can also create their own graphs for analysis from the spreadsheet. 

Consider assigning a student or group of students the responsibility of collecting data from your own 
school’s turbine (if you have one). It is important to incorporate and analyze your own turbine’s data, 
as it is so close to home.  It can also lead to interesting discussions about siting and output, when 
comparing your local turbine to that of others within the program. Find more energy lessons for 

your classroom by visiting 
Idaho National Lab’s Energy for 
Educators web site at  
www.energyforeducators.org.

 Unit Preparation

 Make copies of the Wind for 
Schools Student Informational 
Text, Wind Energy Timeline, 
and Wind Glossary, pages 
43-60, for each student to use 
throughout the unit. 

 A full page map of wind speeds 
at a height of 80 meters is 
included on page 18. Color 
maps from the National 
Renewable Energy Laboratory 
(NREL) of wind speeds both 
onshore and offshore can 
be found online at www.
windpoweringamerica.gov/
windmaps.

 Throughout the activities, 
students are directed to the 
Wind for Schools/INL data 
library to access real-time data. 
For step-by-step instructions 
on how to capture data 
from the database, go to the 
following web site: http://coen.
boisestate.edu/windenergy/
wfs/teacherresources/, and 
select “How to Capture Data”.

 Classroom wind turbines and 
consumable supplies for the 
activities within this guide 
can be purchased from NEED. 
Check out our resource catalog 
at www.NEED.org.
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 Procedure

1. Divide the students into small groups. Assign each group a turbine location to study from the Wind for Schools web site, 
http://wind-for-schools.caesenergy.org/wind-for-schools/welcome.html. Show students the master on page 19 describing sample 
specifications for turbines like those they will be studying.

2. Have students work in their groups to first learn about the geography of the local and regional area where their turbine is located. 
Students can use an atlas, map, or internet mapping sites to find this information. Students record their findings on the Collecting 
Weather and Wind Turbine Data worksheet.

3. Discuss the additional directions for collecting data using the Collecting Weather and Wind Turbine Data sheet. Students need to collect 
data every day at the same time, using their Data Collection chart.

4. When the collection period has ended, students should create presentations and share their findings with their peers.

5. With the class, discuss the differences in turbine output and what factors led to the highest electricity generation.

 Note

You may decide to have multiple classes collect data on the same turbines, or have students collect data as homework, so you will have data 
from multiple times that students can analyze. Collecting data at different times of the year will allow for seasonal analysis as well.

Save the raw data year to year and build a database that future students can use to analyze and make comparisons from year to year. 

Activity 1: Observing the Wind

 Objective

Students will use environmental clues to assess wind speed. 

 Materials

 Pencils
 Snow cone paper cups
 Long straws
 Tape
 Hole punches
 Rulers

 Scissors
 Straight pins
 Markers
 Watches with second hand
 Wind vane
 Compass

 Wind gauge
 Measuring the Wind master, page 22
 Copies of Build an Anemometer, page 23
 Internet access

 Preparation

 Students should construct anemometers,using the Build an Anemometer worksheet.

 Procedure

1. Discuss with the students what evidence they can use in the environment to predict wind speed. Share with students the Beaufort Scale 
and Griggs-Putnam Index. Project the Measuring the Wind master and discuss the scales. Have students predict how windy it might be 
outside.

2. Take students outside with their science notebooks, anemometers, and writing utensils along with the class wind vane and wind gauge 
to make wind observations. Begin by having students record the direction the wind is blowing. Do one or two observations as a class 
and use wind gauges and anemometers to take wind measurements to compare to their predictions. Then let students explore different 
areas around the school grounds and record some wind speed observations and predictions independently.
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Activity 2: Inquiry Investigations

 Objective

Students will investigate different variables that impact electrical output. 

 Materials

 Model turbines
 Fans
 Blade materials (poster board, foam board, 
cardboard, fabric, balsa wood, etc.)

 Internet access
 Copies of Energy from the Wind or 
Exploring Wind Energy Teacher Guide

 Additional materials needed for each 
lesson listed in Teacher Guide

 Procedure

1. In NEED’s wind curriculum series you will find hands-on inquiry investigations for students. Investigations in Energy from the Wind (6-8) 
and Exploring Wind Energy (9-12) lead students through guided inquiry activities using model wind turbines. Students will explore the 
effects of one variable at a time including pitch, surface area, mass, and number of blades, before designing their own blades to achieve 
maximum electrical output. Blade investigations for younger students can be found in NEED’s Wind is Energy guide (K-2) and Wonders of 
the Wind guide (3-5). NEED wind guides are available in hard copy or as PDF downloads on www.NEED.org.

Extensions and Options

 Teachers may be interested in guiding their students through a more complete design process. You may choose to use the Blade Design 
Challenge on page 24 with your students. A rubric to assess these projects can be found on page 25.

 For sample blade designs or extra blade testing activities, visit www.jmu.edu/education/activities.html.

Activity 3: Wind Power

 Objective

Students will be able to calculate wind power using model turbines. 

 Materials

 Student turbines
 Fans
 Multimeter

 Copies of Calculating Wind Power, page 26
 Copies of Wind Energy Math Calculations, pages 27-28

 Procedure

1. Use a group’s wind turbine and place it in front of a fan. Put the fan on a low speed and tell students how much electricity is being 
generated. Ask the class what they notice about the blade rotation.

2. Ask students to predict how, or if, the blade rotation will change if you turn the fan on a higher speed. How will the electric output be 
affected?

3. Give students the Calculating Wind Power worksheet. Have students use their turbines and final blade designs to complete the equations.

4. Use a monthly real-time chart from the Wind for Schools web site. Ask students the following questions for discussion:

 Why is it that on some days the power output and wind are very closely related and on other days they are not? 

 What is the connection between RPM and power output?

5. Additional math exercises explaining the turbine’s swept area, tip speed ratio, and revolution time can be found on the Wind Energy 
Math Calculations worksheets.
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Activity 4: Predicting Electrical Output

 Objective

Students will analyze different variables that affect the electrical output of working wind turbines. 

 Materials

Internet access
 Web sites: Wind for Schools; National Weather Service; Weatherbug; and Google Earth
 Posterboard or other presentation materials

 Procedure

1. Share the Wind for Schools data site with students (http://wind-for-schools.caesenergy.org/wind-for-schools). Review the graphs 
accessible from the site and talk about the information that can be learned from the graphs. Sample graphs can also be found on page 
29.  (Make sure to click on the interactive chart link to see more graph options.)

2. Assign students to work in groups studying different wind turbines linked to the Wind for Schools data site. 

3. Within each group, assign students to the different jobs set forth below. Students should take notes in their science notebooks and 
analyze the information they find on the Wind for Schools site and other resources.

 Geographer—Find the elevation, latitude, and longitude for the wind turbine site. Be able to describe the physical geography of the 
immediate location and surrounding area.

Daily Power Analyst—Look at daily, real-time, and interactive charts. What patterns emerge?

 Monthly Power Analyst—Look at the monthly, real-time, and interactive charts. What patterns emerge?

 Meteorologist—Research what the weather has been like for the past month. Find as many details as possible including temperatures, 
precipitation, and storms. Also find the forecast for the upcoming week.

4. After students finish their specific assignments, reconvene as a group and share information with each other. Together, students should 
discuss what variables they think played a role in choosing a site for the wind turbine. Using the weather forecast, the group should 
predict what the power output will be for their assigned turbine for the week. Students should support their predictions with data found 
in their research.

5. Over the following week, students should check the Wind for Schools web site and compare their predictions to actual results. In their 
science notebooks, students should reflect on the data. Are the predictions close? Why or why not?
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Activity 5: Comparing Turbine Models

 Objective

Students will understand that different turbine designs are more effective in certain areas than others. 

 Materials

 Procedure

1. Students should look at the Turbine Comparison Chart. Have them use the chart to answer the following questions:
 Looking at the chart, what can you infer about the turbines? What information did you expect? Is there anything that surprises you? 
 What variable seems to have the greatest impact on power generation?

2. Using the Average Wind Speed map, other NREL wind maps (www.rel.gov/gis/wind/html), and other web sites such as Google Earth, have 
students find appropriate locations for three wind turbines of different sizes.

3. In their science notebooks, students should explain why they think the site they chose would be a good location for a turbine. 

TURBINE COMPARISON CHART

SKYSTREAM 3.7 BWC EXCEL V52 850 KW GE 1.5 MW V82 1.65 MW V80 2.0 MW V90 3.0 MW

RATED CAPACITY 2.4 kW 10 kW 850 kW 1,500 kW 1,650 kW 2,000 kW 3,000 kW

RATED WIND SPEED 13 m/s 12 m/s 16 m/s 12 m/s 13 m/s 16 m/s 15 m/s

ROTOR DIAMETER (M) 3.7 7 52 77 82 80 90 

SWEPT AREA 10.87 m2 38.48 m2 2,124 m2 4,657 m2 5,281 m2 5,027 m2 6,362 m2

ROTOR SPEED (RPM) 50-330 390 14.0 – 31.4 10.1 – 20.4 14.4 10.8 – 19.1 8.6 – 18.4

HUB HEIGHTS (M) 10.4-21.3 18-43 44/48/55/65/74 61.4/64.7/80/85 70/78/80 67/80 80/90/105

Activity 6: Comparing Small Wind Models

 Objective

Students will compare small wind turbine models. 

 Materials

 Internet access 

 Procedure

1. Have students research small wind turbines from the sites listed below, and other models as appropriate.
 www.windenergy.com
 www.bergey.com
 www.wepower.us 

2. Students should create a table to record specifications of the different models including rated capacity, rated wind speed, revolutions 
per minute, blade length, rotor diameter, swept area, tower height, weight, gear types, and price.

3. Discuss with students what differences exist between the different models, and why one model might be chosen over another.

 Copies of Turbine Comparison Chart, page 30
 Average Wind Speed map, page 18

 Internet access
 Science notebooks
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Activity 7: Energy Use and Cost Analysis

 Objective

Students will learn how to determine the energy requirements and cost of using several electrical appliances.

Students will understand that different wind systems are capable of powering different loads.

 Materials

 Procedure

1. Show students an example of an electric nameplate. Explain the different parts of the nameplate. Make sure that students understand 
how to calculate wattage if it is not listed on the nameplate. Use the Electric Nameplates Investigation worksheet for examples.

2. Allow students to find the nameplates on appliances and machines located in the classroom and around school. Students should record 
the information on the Electric Nameplates Investigation worksheet, or in their science notebooks.

3. Gather the students back together and discuss how often some of the appliances and machines are used. How many hours do they think 
the computer is on each day? Each week? Each year? What appliances and machines are used the most, which are used rarely?

4. Using the What Can the Wind Power worksheets, students calculate the daily electricity use in the classroom. Then they find the average 
daily electricity output of various wind turbines and decide which one would best meet their needs.

5. Give students the Cost of Using Machines worksheet. Have students calculate the cost of the appliances and machines they found.

6. Discuss as a class what was learned during this activity. Can students and teachers change the way they use these machines? Would 
changing behavior be important? What are some reasons a building would consider installing a turbine if they are so expensive?

Activity 8: Siting the School Turbine

 Objective

Students will locate the best area for their school wind turbine installation. 

 Materials

 Procedure

1. Students should read the Wind Turbine Siting guide and make a list of the requirements for a wind turbine.

2. Using internet resources, students should obtain wind data for your area.

3. Teach students how to measure tall objects using the Measuring Tall Objects worksheets. 

4. Allow students to go outside to analyze the school grounds. Students should find at least three different locations and measure the 
height of buildings, trees, and any other objects that are potential obstacles in a 250 foot radius of the site they are testing.

 Copies of Wind Turbine Siting Consumer Guide from 
Southwest Windpower (download from  
www.windenergy.com under Support, Installation, Siting Guide)
 Copies of Measuring Tall Objects, pages 35-36
 Internet Access
 Straws

 Cardstock
 String
 Bolts
 Yard/meter stick
 Calculators

 Copies of Electric Nameplates Investigation, page 31
 Copies of What Can the Wind Power, pages 32-33

 Copies of Cost of Using Machines, page 34
 Appliances (plug-in)
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5. Ask students to brainstorm a list of other questions and concerns they might need to consider when siting their turbine (how is the land 
used, noise, wildlife, distance to building, etc.). What potential hang-ups might one face when siting a turbine? Students should also 
think of potential solutions or answers.

6. Have students write about or present what they believe is the best location for the school wind turbine and support their choice of 
location with data from their research and observations. Students should include information on how high the tower should be, and 
what type of tower, guide wire, or monopole would be most appropriate. Students should address the potential questions or concerns 
they’ve anticipated within their writing or presentation.

 Home Connection

Encourage students to survey their home property and see whether a turbine would be possible or economical. Students should explain 
why or why not.

Activity 9: Submit an Estimate

 Objective

Students will work in teams to prepare a plan and submit a bid for installing a wind turbine on a residence. 

 Materials

 Copies of Submit an Estimate, page 37

 Procedure

1. Give students the Submit an Estimate worksheet. Students work in small groups to prepare an installation plan and submit a bid. In the 
bid, students should make a case for why they should be chosen to install the turbine.

2. Items to consider when assessing student work include contingency, permitting, insurance, and bonding.

Activity 10: Wind in the Community

 Objective

Students think about the impact a wind farm will have in a community from three different perspectives. 

 Materials

 Copies of Wind in the Community, page 38

 Procedure

1. Instruct students to answer the questions from each of the three perspectives identified on the worksheet.

 Extension

Have the class complete the Siting a Wind Farm activity found in Exploring Wind Energy Student Guide. Students will explore and consider 
the concerns, challenges, and opinions of multiple stakeholders in this debate-style, mock town hall meeting.
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Activity 11: Wind Careers

 Objective

Students research careers associated with the wind industry. 

 Materials

 Copies of Wind Careers—Personal Profile Page, page 39
 Internet access

 Procedure

1. Give students the Wind Careers—Personal Profile Page. Students fill out the worksheet to think about their current and future skills, and 
what interests them.

2. Have students search the American Wind Energy Association job center at www.careersinwind.com for open positions. Students can 
also search specific wind company and utility web sites for jobs.

3. Students should identify several jobs that they might be interested in and briefly list why each job stood out to them.

4. Students choose one job and write a cover letter explaining to the company why they would like the position and why they think the 
job would be a good one for the student.

 Online Resource

NEED has two issues of Career Currents focused on the wind industry available online. The October 2006 issue includes interviews with 
a development engineer and operations manager. The October/November 2011 issue includes interviews with Dick Williams of Shell 
Wind, Remy Pangle from the Virginia Center for Wind Energy, Charles Newcomb from the Department of Energy’s Wind and Water Power 
Deployment Program, and Denise Bode of the American Wind Energy Association. You can find these Career Currents issues and others online 
at www.NEED.org/Newsletters.

Activity 12: Energy Geography

 Objective

Students will understand that geography often dictates what type of power plants can be developed in specific areas. 

 Materials

 Internet access
 Copies of Energy Geography Part 1, page 40
 Copies of Energy Geography Part 2, pages 41-42

 Procedure, Part 1

1. Assign each student a different state. Students should draw a map of their assigned state on the Energy Geography Part 1 worksheet, and 
record the required information on this map.

2. Students use the Energy Information Administration’s State Energy Profiles at www.eia.gov/state/ to learn about the energy resources 
in their assigned state.

3. Students should read the quick facts and overview of the state.

4. In particular, the student should examine the state’s energy map. Students should focus on the major electric power plants found in the 
state.

5. Using another map showing the state’s geography, students should identify the geographic features surrounding the different power 
plants. 
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6. Put students in groups of 4-6 to share what they learned with their peers. Students should compare plant locations and the geography of 
the states. What geographic features need to be available to make a site appropriate for a coal, natural gas, petroleum, solar, geothermal, 
biomass, nuclear, wind, or hydroelectric power plant?

 Technology Connection

Students can also create and label their maps digitally to share with others.

 Procedure, Part 2

1. Using the Energy Geography Part 2 worksheets, assign students the task of creating an island nation. Students need to decide how big 
their nation is, and where it is located. The location should be in an area of Earth that is not currently occupied by a body of land. The 
island should have a variety of geographic features including mountains, plains, forests, and at least one major river and lake. Students 
should include at least three major cities on their island, and one resort city. 

2. Students draw a map of their island and include a key to identify geographic features. The final map should also include the country’s 
name and flag.

3. Once the nation’s geography has been defined, students need to plan what types of electric power plants will be built to supply their 
nation with electricity. 

4. Students should look at the capacity for each type of electric power plant. They need to plan for at least 750 MW of generating capacity 
to meet the needs of their nation. Students need to add power plants to the map and add appropriate symbols to the key. Students 
need to be able to explain why they chose specific locations for each power plant. 

5. Have a class discussion about the types of power plants chosen and what the benefits and challenges of each are. How are the citizens 
affected by the types of power plants? If tourism is a major industry, how is the tourism industry affected? What impact do the power 
plants have on the environment? 

Activity 13: Culminating Activity

 Objective

Students will collect and analyze data from their local turbine installation.

Students will understand how their system’s electrical output compares to their classroom or building’s consumption.

Students will educate others about their system.

 Background

Most of the activities in this guide can be done if your school does not have its own turbine. This activity is designed to be used as a culminating 
activity for students who have constant exposure to real-time data from their system. Students will have  the opportunity to monitor, record, 
and analyze data and share what the system is doing with others. 

 Materials

 Internet access or access to local data

 Procedure

1. Students will work together to plan and implement a community outreach project or presentation. This project or presentation can take 
many forms and should be student-driven. Final projects should aim to do all of the following:  explain wind energy, describe the parts of 
a wind turbine system and how it works, describe your specific wind system and how it compares to others, identify factors used to site 
your turbine, describe local geography and weather conditions, showcase data collected (electrical output of your turbine), and outline 
your school’s electricity demands. Objectives can be added or subtracted depending on the number of students involved, type of outreach 
project selected, audience for the project, and level of your students. Example projects could include a public service announcement-style 
commercial, a community day or fair event with displays, a photo book, or even a song or play. 
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Internet Resources

Wind for Schools: http://wind-for-schools.caesenergy.org/wind-for-schools/Welcome.html

Additional Internet Resources
 American Wind Energy Association: www.awea.org

 EIA Kids Page: www.eia.gov/kids

 Energy For Educators: www.energyforeducators.org

 Energy Information Administration (EIA): www.eia.gov

 Idaho National Laboratory: www.inl.gov/wind

 KidWind: www.kidwind.org

 James Madison University Alternative Energy Resources: www.jmu.edu/education

 National Oceanic and Atmospheric Administration: www.noaa.gov

 National Renewable Energy Lab (NREL): www.nrel.gov

 National Weather Service: www.weather.gov

 NREL’s Wind Maps: www.nrel.gov/gis/wind.html

 Southwest Windpower: www.windenergy.com

 The National Energy Education Development Project: www.NEED.org

 U.S. Bureau of Land Management: www.blm.gov

 U.S. Bureau of Ocean Energy Management: www.boem.gov

 U.S. Department of Energy, Energy Efficiency and Renewable Energy: www.eere.energy.gov

 U.S. Department of Energy: www.energy.gov

 Weatherbug: www.weatherbug.com

 Wind Powering America: www.windpoweringamerica.gov

Wind Powering America web site: www.windpoweringamerica.gov



18 Wind for Schools

Fa
st

er
 t

h
an

 9
.5

 m
/s

 (f
as

te
r 

th
an

 2
1.

3 
m

p
h

)

7.
6 

to
 9

.4
 m

/s
 (1

7 
to

 2
1.

2 
m

p
h

)

5.
6 

to
 7

.5
 m

/s
 (1

2.
5 

to
 1

6.
9 

m
p

h
)

0 
to

 5
.5

 m
/s

 (0
 t

o 
12

.4
 m

p
h

)

D
at

a:
 N

at
io

na
l R

en
ew

ab
le

 E
ne

rg
y 

La
bo

ra
to

ry

Av
er

ag
e 

W
in

d 
Sp

ee
d 

AT
 80

 M
ET

ER
S H

EI
GH

T

MASTER



©2012     The NEED Project     P.O. Box 10101, Manassas, VA 20108      1.800.875.5029     www.NEED.org 19

MASTER



20 Wind for Schools

?  Question

How does weather affect electricity generation?

  One Time Procedure

1. Go to the Wind for Schools web site, http://wind-for-schools.caesenergy.org/wind-for-schools/welcome.html. Find the web site for the 
school and turbine you have been assigned.

2. Use an internet mapping tool, such as Google Earth, to locate the school’s location including city, state, latitude and longitude, and 
elevation. Record this information at the top of your Data Collection table.

3. Using the map information, record the geographical features in the local and surrounding area below. 

  Every Day Procedure

Important: Collect data every day at the same time.

1. Go to the National Weather Service web site, www.weather.gov, and record the temperature, humidity, wind speed, wind direction, and 
general weather description. Community airports can also be helpful for finding weather data.

2. Go to the Wind for Schools web site and record real-time data for your assigned turbine. Record power, volts, turbine speed, wind speed, 
daily energy, and total energy on your Data Collection worksheet.

 Analyze

Look at your weather data and wind turbine data. Do you see any patterns developing? Find the mean, median, and mode for each 
category. Does the weather affect the output of the wind turbine? If so, how?

 Present

Use your data to prepare a presentation. Your presentation should include graphics (tables, charts, graphs) created from your raw data. 
Explain to the class what effect you believe the weather has on electricity generated from wind.

Turbine Location and Surrounding Area Geographical Features:

Collecting Weather and Wind Turbine Data



©2012     The NEED Project     P.O. Box 10101, Manassas, VA 20108      1.800.875.5029     www.NEED.org 21

D
A

Y 
1

D
A

Y 
2

D
A

Y 
3

D
A

Y 
4

D
A

Y 
5

D
A

Y 
6

D
A

Y 
7

M
EA

N
M

ED
IA

N
M

O
D

E

TE
M

P
ER

AT
U

R
E 

H
U

M
ID

IT
Y

W
EA

TH
ER

 
D

ES
CR

IP
TI

O
N

W
IN

D
 S

P
EE

D

W
IN

D
 

D
IR

EC
TI

O
N

P
O

W
ER

V
O

LT
S

TU
R

B
IN

E 
SP

EE
D

W
IN

D
 S

P
EE

D

D
A

IL
Y 

EN
ER

G
Y

TO
TA

L 
EN

ER
G

Y

D
at

a 
Co

lle
ct

io
n

Tu
rb

in
e 

Lo
ca

ti
on

D
at

a 
Co

lle
ct

io
n

 T
im

e



22 Wind for Schools

Measuring the Wind

MASTER

BEAUFORT 
NUMBER

NAME OF WIND LAND CONDITIONS WIND SPEED (MPH)

0 Calm Smoke rises vertically Less than  1

1 Very light
Direction of wind shown by smoke drift 

but not by wind vanes
1 - 3

2 Light breeze
Wind felt on face, leaves rustle, ordinary 

wind vane moved by wind
4 - 7

3 Gentle breeze
Leaves and small twigs in constant 

motion, wind extends white flag
8 - 12

4 Moderate breeze
Wind raises dust and loose paper, small 

branches move
13 - 18

5 Fresh breeze
Small trees in leaf start to sway, crested 

wavelets on inland waters
19 - 24

6 Strong breeze

Large branches in motion, whistling in 

telegraph wires, umbrellas used with 

difficulty

25 - 31

7 Near gale
Whole trees in motion, inconvenient to 

walk against wind
32 - 38

8 Gale Twigs break from trees, difficult to walk 39 - 46

9 Strong gale
Slight structural damage occurs, chimney 

pots and slates removed
47 - 54

10 Storm
Trees uprooted, considerable structural 

damage occurs
55 - 63

11 Violent storm Widespread damage 64 - 73

12 Hurricane Widespread damage Greater than 74

The Griggs-Putnam Index

INDEX TOP VIEW OF PLANT  SIDE VIEW OF PLANT  DESCRIPTION OF PLANT        WIND SPEED

O

I

II

III

IV

V

VI

VII

No Deformity

Brushing and Slight Flagging

Slight Flagging

Moderate Flagging

Complete Flagging

Partial Throwing

Complete Throwing

Carpeting

No Significant Wind

7-9 Miles per Hour
3-4 Meters

9-11 MPH
4-5 m/s

11-13 MPH
5-6 m/s

13-16 MPH
6-7 m/s

15-18 MPH
7-8 m/s

16-21 MPH
8-9 m/s

22+ MPH
10+ m/s

Beaufort Scale Of Wind Speed
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 Objective

To measure wind speed.

 Materials

 1 Pencil
 5 Snow cone paper cups
 2 Long straws
 Tape
 Hole punch
 Scissors
 1 Straight pin
 Marker
 Watch with second hand
 Ruler

 Procedure

1. Cut the end off one cup to make a hole big enough for the pencil 
to fit in. Use the hole punch to make four holes in the top of the 
cup: two holes opposite each other very near the rim and two 
holes on opposite sides about a half-centimeter below the first 
holes, as shown in Diagram 1.

2. Slide the straws through the holes in the cup, as shown in 
Diagram 1.

3. Color or mark one cup so that you can count the revolutions of 
the anemometer.

4. Use the hole punch to make two opposite holes in the other cups 
about 1 centimeter from the rim. Slide one cup onto the end of 
each straw, making sure the cups face in the same direction. 
Tape the cups to the straws.

5. Center the straws in the base cup. Slide the base cup over the pencil as shown in Diagram 2 and 
push the pin through the middle of both straws and into the pencil eraser as far as you can to anchor 
the apparatus. Lift the straws slightly away from the eraser on the pin so that the apparatus spins 
easily. You might need to stretch the pin holes in the straws by pulling gently on the straws while 
holding the pin in place.

6. Take your anemometer outside and measure the speed of the wind in several areas around the 
school by counting the number of revolutions in 10 seconds and using the chart to determine miles 
per hour (mph). Compare your results with those of other students in the class.

 Conclusions

1. How did your data compare to that of your class? 

2. How could you change the design of your anemometer to make it more reliable?

½ cm

Build an Anemometer

REVOLUTIONS 
PER 10 SEC.

MPH

2-4 1

5-7 2

8-9 3

10-12 4

13-15 5

16-18 6

19-21 7

22-23 8

24-26 9

27-29 10

30-32 11

33-35 12

36-37 13

38-40 14

41-43 15

44-46 16

47-49 17

50-51 18

52-54 19

55-57 20

Diagram 1

Diagram 2
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 Objective

Design, build, test, and evaluate wind turbine blades to achieve the highest possible electrical output and work production.

Step 1: Pre-Design Questions
1. Will you use more than one factor to achieve maximum electrical output? If so, how many?
2. Will the shape of the blade affect the performance of the turbine? How?
3. List the criteria you will use to determine the possible materials for your blades.
4. Should one material or several be used? Why? How will they be combined if several are used?

Step 2: Ideas and Visual Design Possibilities
1. Sketch as many possible design solutions as you can think of.
2. Choose your two best possible solutions and re-draw them, include measurements and materials.
3. Compare your solution with your team, then agree on a final design choice.
4. Sketch the final design including dimensions and any other important information associated with your team’s final choice. Consider 

drawing front, top, and side views with a section and/or isometric view to show the necessary detail.

Step 3: Test and Re-Design
1. Test your blade design and record the electricity generated.
2. Discuss with your team what modifications can be made to your design.
3. Sketch and describe the modifications your team will make, being sure to list any material changes.
4. Test your new design and record the results. Evaluate the design. Were your results better, the same, or worse than your previous 

blades? Why do you think this is?
5. Repeat this process until you have tested four different blade designs.
6. In your science notebook, create a table of your results, and the results of at least three other groups.
7. Create a graph showing the preliminary tests your group conducted. 
8. Choose the best optimum blade design for your final test.

Step 4: Final Test
1. Bring your blades to your teacher. Your teacher will test your final blades and give you the official 

electrical output.
2. Make a table showing the final output from each team’s blade design.
3. Evaluate the design that generated the most electricity. Why do you think the design was so effective?

Blade Design Challenge
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CONSTRUCTION DESIGN PROCESS TEST AND EVALUATION TEAM WORK

4 Construction was 
exceptional and showed 
neatness and high 
quality. Construction 
matched design sketches, 
measurements were 
accurate, safety precautions 
were followed.

Work shows mastery 
of the design process. 
Research questions were 
answered thoughtfully with 
strong sources to support 
reasoning. Blade sketches 
throughout were clear, 
detailed, and complete. 

Data collected in tables 
and displayed in graphs 
are accurate and clearly 
communicated.

The student acted as a 
responsible member of the 
team and worked efficiently 
during all stages of the 
design process and testing 
portions. He/she shared 
ideas and listened to other 
group members.

3 Construction meets 
expectations, and neatness 
and quality are acceptable. 
Construction nearly matched 
design sketches; there may 
be minor errors in accuracy. 
Safety precautions were 
followed.

Work shows understanding 
of the design process. All 
steps were completed and 
it is clear why decisions 
were made. There may be 
minor errors which do not 
significantly impact the 
overall product.

Data collected in tables 
and displayed in graphs are 
accurate. 

The student was a 
considerate team member 
and assisted throughout the 
design process and testing 
portions. He/she shared 
some ideas and listened to 
other group members.

2 Construction did not meet 
expectations; work may be 
sloppy. Construction did not 
follow design plans. Safety 
precautions were followed.

Some steps of the design 
process were not followed. 
Information was missing 
and/or it is unclear how and 
why decisions were made.

Data collected in tables and 
displayed in graphs may be 
inaccurate and/or unclear.

The student did not always 
contribute to the group in a 
productive manner.

1 Construction was 
incomplete and/or safety 
precautions were not 
followed.

The design process was not 
followed. 

Data is missing and/or is not 
communicated clearly.

The student did not 
contribute to the group and 
was not respectful to other 
team members.

Blade Design Challenge Rubric
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?  Question

How do you calculate wind power?

 Materials

 Fan
 Wind gauge
 Turbine with student blades
 Meter stick

 Formula

Power = ½ ρAV3 

Watts = ½ (kg/m3) x (m2) x (m/s)3

 Procedure

1. Measure the radius of the turbine blade assembly and calculate the area swept by the blades. 

(A = πr2)

2. Use the wind gauge to measure the wind velocity at a distance of 1 meter from the fan on low and high speeds. Convert the measurements 
from miles per hour to meters per second (mps). 

 (1 mile = 1609.344 meter)

 Wind Velocity at Low Speed - 1 meter:   ____________ mph = ____________mps

 Wind Velocity at High Speed - 1 meter:   ____________ mph = ____________mps

3. Use the formula above to calculate the power of the wind in watts at both fan speeds.

 Wind Power at Low Speed - 1 meter:    ____________W

 Wind Power at High Speed - 1 meter:    ____________W

4. Vary the distance from the fan and calculate the power on low and high speeds.

 Wind Power at ___________m (distance A) on Low Speed:  ___________W

 Wind Power at ___________m (distance A) on High Speed:  ___________W

 Wind Power at ___________m (distance B) on Low Speed:  ___________W

 Wind Power at ___________m (distance B) on High Speed:  ___________W

 Results

Compare the power at different distances from the fan and on different fan speeds.

 Conclusions

Explain the relationships between the different variables and the power produced.

Calculating Wind Power

ρ = air density; 1.2 kg/m3 at standard 
ambient temperature and pressure

A = swept area (A = πr 2)

V = velocity

r = radius

π = 3.1416
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Calculating the Swept Area
Being able to measure the swept area of your blades is essential if you 
want to analyze the efficiency of your wind turbine.

The swept area refers to the area of the circle created by the blades 
as they sweep through the air.

To find the swept area, use the same equation you would use to find 
the area of a circle.

Area = πr2 π=3.1416 r=radius of the circle

Why is This Important?
You will need to know the swept area of your wind turbine to calculate 
the total power in the wind that hits your turbine.

Power = ½ ρAV3

ρ = air density

A = swept area of blades (A = πr2) (π = 3.1416)

V = velocity

By doing this calculation, you can see the total energy potential in a 
given area of wind. You can then compare this to the actual amount 
of power you are producing with your wind turbine (you will need 
to calculate this using a multimeter—multiply voltage by amperage). 
The comparison of these two figures will indicate how efficient your 
wind turbine is. Finding the swept area of your wind turbine is an 
essential part of this equation.

Wind Energy Math Calculations

TOWER

ROTOR BLADE

Swept area of blades

Radius

Hub
Height

Rotor Diameter

Turbine Geometry

Special thanks to KidWind for contributing this activity.
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Calculating the Tip Speed Ratio of Your Wind Turbine
The tip speed ratio (TSR) is an extremely important factor in wind turbine design. 
TSR refers to the ratio between the wind speed and the speed of the tips of the wind 
turbine blades.

TSR (Λ) =  Tip Speed of Blade
 Wind Speed

If the rotor of the wind turbine spins too slowly, most of the wind will pass straight 
through the gap between the blades; therefore giving it no power. But if the rotor 
spins too fast, the blades will blur and act like a solid wall to the wind. Also, rotor 
blades create turbulence as they spin through the air. If the next blade arrives too 
quickly, it will hit that turbulent air. So sometimes it is actually better to slow down 
your blades!

Wind turbines must be designed with optimal tip speed ratios to get the maximum 
amount of power from the wind.

Before we can calculate the tip speed ratio, we need to know how long it takes the 
rotor to make one full revolution.

Measuring Revolution Time (RPM)

It is easy to find the distance travelled by the blade tip, but finding how long it takes to go that distance can be tricky. There are several ways 
to find revolutions per minute (RPM), but there is not a single simple way.

 Manually: Try to count how many times the blades revolve in a certain time period. It helps to mark or color one blade differently so you can 
be sure when the turbine makes a full revolution.

 A real tachometer: Tachometers are great, but can be expensive. Try the “Hangar 9 Tachometer” or the “Extech Pocket Tachometer.”

 Bicycle computer: If you’re crafty, you can use a bicycle computer. Attach the magnet to the rotor, and the sensor to a non-moving part of 
the turbine. You can find detailed instructions at http://www.reuk.co.uk/Use-a-Cycle-Computer-to-Measure-Turbine-RPM.htm.

You need to know how many seconds it takes the turbine to spin around one time. If you found RPM, you will need to convert this number. 
There are 60 seconds in one minute, so just divide 60 by your RPM value. This equation will tell you how many seconds it takes the turbine to 
make one revolution.

The further away from the center, the faster 

the blades spin.

Wind Energy Math Calculations

Special thanks to KidWind for contributing this activity.
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Sample Graphs From the Wind for Schools Web Site

This graph shows a real-time chart 

for a ten minute period.

 Notice that as wind speed 
increases or declines, power 
production does the same.

 Notice the flat peaks on the 
graph. This reflects the time that 
the wind maintained a constant 
speed. 

What can you learn about the 
wind’s speed and power output 
from this graph?
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WIND SPEED (meters/second), right scale
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January 6, 2010
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WIND SPEED
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POWER (watts), left scale

RPM

WIND SPEED (meters/second), right scale

1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00

This graph depicts information over 

an eight hour timeframe.

How does the information in this 
graph differ from the one above? 

What conclusions can you draw about 
the correlation between wind speed, 
revolutions per minute, and power 
generated?

http://wind-for-schools.caesenergy.org/wind-for-schools/Welcome.html

MASTER
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SKYSTREAM 3.7 BWC EXCEL V52 850 KW GE 1.5 MW V82 1.65 MW V80 2.0 MW V90 3.0 MW

RATED CAPACITY 2.4 kW 10 kW 850 kW 1,500 kW 1,650 kW 2,000 kW 3,000 kw

RATED WIND SPEED 13 m/s 12 m/s 16 m/s 12 m/s 13 m/s 16 m/s 15 m/s

ROTOR DIAMETER (M) 3.7 7 52 77 82 80 90

SWEPT AREA 10.87 m2 38.48 m2 2,124 m2 4,657 m2 5,281 m2 5,027 m2 6,362 m2

ROTOR SPEED (RPM) 50-330 390 14.0 – 31.4 10.1 – 20.4 14.4 10.8 – 19.1 8.6 – 18.4

HUB HEIGHTS (M) 10.4-21.3 18-43 44/48/55/65/74 61.4/64.7/80/85 70/78/80 67/80 80/90/105

UTILITY WIND TURBINE RESIDENTIAL WIND TURBINE

Turbine Comparison Chart
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Electric Nameplates Investigation

Some appliances use more energy than others to accomplish the same task. Appliances that are very energy efficient are approved by the 
government’s ENERGY STAR® program and have the ENERGY STAR® label on them. This means they have met high standards set by the 
government for energy efficiency.

Every machine that runs on electricity has an electric nameplate on it. The nameplate is usually a silver sticker that looks like the picture 
below. The nameplate has information about the amount of electricity the machine uses. Sometimes, the current is listed. The current is 
measured in amperes (A). Sometimes, the voltage the machine needs is listed. The voltage is listed in volts (V). Sometimes, the wattage is 
listed. The wattage is measured in watts (W). If the wattage isn’t listed, then the current and voltage are both listed.

If the wattage is not listed, you can calculate the wattage using the following formula:

 wattage   =  current  x  voltage

   W  =   A   x V

   W  =  1.0A   x  5V

   W  =  5W

Often, the letters UL are on the nameplate. UL stands for 
Underwriters Laboratories, Inc., which conducts tests on thousands 
of machines and appliances. The UL mark means that samples of 
the machines and appliances have been tested to make sure they 
are safe. 

You can find out how much it costs to operate any appliance 
or machine if you know the wattage. Let’s take a look at some of 
the machines in your school. The nameplate is usually located on 
the bottom or back. See if you can find the nameplates on the 
computers, printers, monitors, televisions, and other machines in 
your classroom. Put the information in the chart below and figure 
out the wattage for each one.

MACHINE OR APPLIANCE CURRENT VOLTAGE WATTAGE UL TESTED

Copier 11 A 115 V 1,265 W yes
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How much electricity does your classroom consume each day? What size wind system would be needed to meet the electricity demand 
of your classroom? 

First, based on the information you found on the electric nameplates, determine how much electricity the appliances and machines 
consume each day in kilowatt-hours. (Add more rows as needed.)

watts/1000 = kilowatts (kW)

kW x hours per day = kilowatt-hour (kWh)

Machine or Appliance Watts Kilowatts Hours/Day Daily kWh

Second, you need to calculate how much lighting (both overhead lighting and lamps) contributes to your classroom’s electricity 
consumption. Find out how many watts each light bulb consumes. You may need to ask the school maintenance staff for this information. 
Multiply the number of light bulbs in your classroom by the watts per bulb. Then convert to kilowatts, and kilowatt-hours.

number of light bulbs x watts

watts/1000 = kW for light bulbs

kW x hours per day = kWh

Number of Light Bulbs Watts Kilowatts (kW) Hours/Day Daily kWh

Add the total number of kilowatt-hours that all of the appliances, machines, and lighting use each day.

Total classroom kilowatt-hours each day: __________________________

Wind turbines operate 65 to 90 percent of the time. Look at different turbines and their rated capacities. Calculate the range of kilowatt-
hours they could generate daily to determine which one would best power your classroom.

Turbine Name Rated Capacity Hours/Day Daily kWh Range

What Can the Wind Power?
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1. Will any turbine completely meet your classroom needs? Why or why not?

2. Based on your classroom electricity use, determine how much electricity your school consumes on a daily basis. (Hint: Do not forget to 
include common areas, school offices, and teacher workrooms.) Is there a wind system that could meet your school’s electricity needs?

3. How would you provide electricity if the wind speed was not high enough to generate electricity at a certain time of day?

4. Calculate the electricity needs of your bedroom at home. What size turbine could meet the demand of your bedroom?

5. Calculate the electricity needs of your family’s home. What size turbine could meet the demand of your home?

6. Most small wind systems will not completely meet the needs of your school or home. What is the rated capacity of the wind system 
your school has? Choose three things you want your turbine to power and pick two things you need it to power. Explain why you chose 
these items.

7. Now pick what appliances and machines in your room or your house you are willing to sacrifice (do without) to be able to use the 
turbine you picked for your complete power supply.

What Can the Wind Power?
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Cost of Using Machines

Calculate how much it costs to operate the machines in your classroom that you looked at before. You need to know the wattage, the cost 
of electricity, and the number of hours a week each machine is used. 

You can estimate the number of hours the machine is used each week, then multiply by 40 to get the yearly use. We are using 40 weeks for 
schools, because school buildings aren’t used every week of the year. Using the copier as an example, if it is used for ten hours each week, 
we can find the yearly use like this:

Yearly use = 10 hours/week x 40 weeks/year = 400 hours/year

Remember that electricity is measured in kilowatt-hours. You will need to change the watts to kilowatts. One kilowatt is equal to 1,000 
watts. To get kilowatts, you must divide the watts by 1,000. Using the copier as an example, divide like this:

    kW = W/1000

    kW = 1265/1000 = 1.265

The average cost of electricity for schools in the U.S. is about ten cents ($0.10) a kilowatt-hour. You can use this rate or find out the 
actual rate from your school’s electric bill. Using the average cost of electricity, we can figure out how much it costs to run the copier for a 
year by using this formula:

Yearly cost   =  Hours used   x  Kilowatts  x  Cost of electricity (kWh)

Yearly cost   =  400 hours/year   x 1.265 kW  x  $0.10/kWh

Yearly cost   =  400    x  1.265   x  0.10    =  $50.60

MACHINE OR 

APPLIANCE
HOURS PER WEEK HOURS PER YEAR WATTS (W) KILOWATTS (kW) RATE ($/kWh) ANNUAL COST

Copier 10 400 hours 1,265 W 1.265 kW $0.10 $50.60
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Measuring the height of tall objects—trees, buildings, wind turbines—might seem like a daunting 

task. But with the help of triangles, there are different methods you can use to measure height fairly 

accurately without ever leaving the ground. 

Method 1: Measuring Height Using Shadows and Similar Triangles

 Materials

 Yardstick (or another object of known height)
 Calculator
 Long string (optional)
 Sunny day

 Procedure

1. Start by measuring the length of the shadow of the tall object. If you have a long string, that can be helpful, but you can also “pace” the 
length and measure how long your pace is (then multiply that length by the number of steps you took).

2. Next, measure the shadow cast by the yardstick (or other object of known height).

3. Since you know the height of the yardstick and the length of the two shadows, you can set up a simple ratio to find the height of the 
tall object.

4. It is important to take these two measurements at the same time of day and year so that the sun’s rays can be assumed to be parallel. 
Since the sun’s rays are parallel, the two triangles are similar and therefore proportional. This is the ratio of the two known triangles:

Sun’s R
ays

Sun’s R
ays
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Measuring Tall Objects

Unknown Height

Shadow A 

Known Height

Shadow B

Now, solve the ratio for the unknown height:

Unknown Height = (Known Height/Shadow B) x Shadow A

=

Shadow A

Special thanks to KidWind for contributing this activity.
Shadow B
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Method 2: Measuring Height Using a 45-45-90 Degree Triangle

 Materials

 Square piece of paper or cardstock
 Measuring tape or measured string
 Drinking straw
 Tape
 1 Short length of string
 A bolt or small weight

 Procedure

1. Fold the square piece of paper in half for an isosceles right 
triangle (45-45-90 degrees).

2. Tape a drinking straw along the hypotenuse.

3. Attach the short string to the upper end of the hypotenuse 
and tie a weight to the bottom of the string. The weight 
should dangle a couple of inches below the bottom corner of 
the triangle.

4. Hold the triangle with one edge parallel to the ground and the hypotenuse angling up from your eye to the top of the object. Look 
through the straw to the top of the object. Move forward or backwards until the tip of the hypotenuse lines up with the top of the object. 
When the weighted string is parallel to the vertical edge of the triangle, you can be sure that the bottom edge of the triangle is parallel 
to the ground.

5. The height of the tall object will be equal to the horizontal distance you stand from the object, plus the distance from the ground to 
your eye.

 Practice Problems

1. You measure the shadow of a wind turbine to be 164 feet and 4 inches. At the same time of day, the shadow cast by a 3-foot tall yardstick 
is 1.7 feet. How many feet tall is the wind turbine?

2. You measure your own shadow to be 8 feet long. Then you measure the shadow of a wind turbine to be 500 feet long. How tall is this 
wind turbine? (Hint – you will need to know your own height.)

3. Pretend you are 5 feet 9 inches tall. You are using an isosceles right triangle to find the height of a wind turbine. You line the tip of the 
hypotenuse up with the top of the wind turbine and mark the ground where you stand. Sadly, you do not have a long enough tape 
measure to go from the base of the wind turbine to the mark where you stood. So, you measure your stride and find that every step you 
take is about 2.2 feet long. Next you pace off the distance from the mark where you stood to the base of the turbine. It takes 111 steps. 
How tall is this wind turbine?

4. How does the height of a wind turbine affect its electrical output?

Hypotenuse

45°

45°

Measuring Tall Objects

Special thanks to KidWind for contributing this activity.
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Scenario
You are a contractor bidding to install a Skystream 3.7 on a local community member’s property. 

It has already been determined that there is ample wind passing through the property and the turbine will be installed 250 feet from the 
house. 

Think about everything that needs to be done, your equipment cost, materials cost, and labor costs. Use the internet as a search reference 
tool to determine what may need to be included or excluded in your estimate. Include parameters, how you would work with the local 
utility to arrange an agreement, etc.

Submit a letter offering services to perform the job on your company letterhead. Be sure to be all-inclusive with your bid. Your bid should 
include an explanation of everything that needs to be done with a time frame and cost break downs of all materials, tools, equipment, and 
labor for the final job cost.

Be prepared to do a 10-slide PowerPoint presentation of why your company should be hired to complete the installation.

20’  (6 m)

250’  (76 m)

Submit an Estimate
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Think about how a homeowner, a city council member, and a state official would respond to the questions below. Answer the questions 
from each different point of view.

HOMEOWNER CITY COUNCIL MEMBER STATE OFFICIAL

How could a wind 
farm improve or 
detract from the local 
community?

How would a 
wind farm impact 
the economic 
development of the 
community?

How would a wind 
farm impact the 
identity of the 
community?

Wind in the Community
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My academic strengths:
1.

2.

3.

4.

5.

My strengths outside of school:
1.

2.

3.

4.

5.

My hobbies and extra-curricular activities:
1.

2.

3.

4.

5.

Additional interests I have:

What jobs in the wind industry might be a good fit for me?

Wind Careers—Personal Profile Page
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 Procedure

 Learn about your state on the Energy Information Administration’s State Energy Profile Page, www.eia.gov/state/. Read the “Quick Facts” 
for the state.

 Draw a map of your state in the box below. Using the map from the Energy Information Administration, draw the locations of the different 
types of power plants. Make sure you develop a key to identify the different types of power plants.

 Compare this map to a map showing the geography of the state. On your map, add colors and/or symbols to represent the geography. 
Add this information to your key.

State:

Map

Energy Geography Part 1



©2012     The NEED Project     P.O. Box 10101, Manassas, VA 20108      1.800.875.5029     www.NEED.org 41

 Procedure

 You are going to design an island nation. Choose a location for your nation that is 
not currently occupied by a body of land. 

 Your nation must have a varied landscape. The island’s topography should include 
mountains, forests, plains, and at least one major river and lake. Include three major 
cities and at least one resort city.

 Below, sketch what your nation will look like. Name your country, and design a flag.

 Once your country is developed, you need to build electric power plants that will 
generate at least 750 MW of electricity to meet your nation’s electricity demand. 
Using your understanding of geography and how that affects what power plants 
might be viable options, you need to plan the locations of your power plants care-
fully.

 After you are done sketching, draw a final map of your country on the next page. Be 
sure to include the name, flag, and map key on a separate piece of paper. 

Energy Geography Part 2

TYPE OF PLANT MW CAPACITY

Modern Coal Plant 50

Wind Farm 20

Hydroelectric Power Plant 50

Nuclear Plant 100

Waste-to-Energy Plant 10 

Natural Gas Plant 50

Solar Plant 10

Geothermal Plant 10
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Student Informational Text
WIND ENERGY

The Beaufort Scale
At the age of 12, 
Francis Beaufort 
joined the British 
Royal Navy. 
For more than 
twenty years he 
sailed the oceans 
and studied the 
wind, which was 
the main power 
source for the 
navy’s fleet. In 
1805, he created 
a scale to rate the power of the wind based on 
observations of common things around him 
rather than instruments. 

The Beaufort Scale ranks winds from 0–12 
based on how strong they are, with each wind 
given a name from calm to hurricane. The 
Beaufort Scale can be used to estimate the 
speed of the wind. 

Wind
Wind is moving air. You cannot see air, but it is all around you. You 
cannot see the wind, but you know it is there. 

You hear leaves rustling in the trees. You see clouds moving 
across the sky. You feel cool breezes on your skin. You witness the 
destruction of strong winds such as tornadoes and hurricanes. Wind 
has energy.

Wind resources can be found across the country. Science and 
technology are providing more tools to accurately predict when and 
where the wind will blow. This information is allowing people to use 
wind on small and large scales. Wind is an increasingly important 
part of the United States’ energy portfolio.

Faster than 9.5 m/s (faster than 21.3 mph)

7.6 to 9.4 m/s (17 to 21.2 mph)

5.6 to 7.5 m/s (12.5 to 16.9 mph)

0 to 5.5 m/s (0 to 12.4 mph)

Data: National Renewable Energy Laboratory

Average Wind Speed at 80 Meters Altitude

BEAUFORT SCALE OF WIND SPEED

BEAUFORT 
NUMBER

NAME OF WIND LAND CONDITIONS WIND SPEED (MPH)

0 Calm Smoke rises vertically Less than  1

1 Very light
Direction of wind shown by smoke drift 

but not by wind vanes
1 - 3

2 Light breeze
Wind felt on face , leaves rustle, ordinary 

wind vane moved by wind
4 - 7

3 Gentle breeze
Leaves and small twigs in constant 

motion, wind extends white flag
8 - 12

4 Moderate breeze
Wind raises dust and loose paper, small 

branches move
13 - 18

5 Fresh breeze
Small trees in leaf start to sway, crested 

wavelets on inland waters
19 - 24

6 Strong breeze

Large branches in motion, whistling in 

telegraph wires, umbrellas used with 

difficulty

25 - 31

7 Near gale
Whole trees in motion, inconvenient to 

walk against wind
32 - 38

8 Gale Twigs break from trees, difficult to walk 39 - 46

9 Strong gale
Slight structural damage occurs, chimney 

pots and slates removed
47 - 54

10 Storm
Trees uprooted, considerable structural 

damage occurs
55 - 63

11 Violent storm Widespread damage 64 - 73

12 Hurricane Widespread damage Greater than 74
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Physics of Wind
The energy in wind comes from the sun. When the sun shines, 
some of its light (radiant energy) reaches the Earth’s surface. 
The Earth near the Equator receives more of the sun’s energy 
than the North and South Poles. 

Some parts of the Earth absorb more radiant energy than 
others. Some parts reflect more of the sun’s rays back into the 
air.

The fraction of light striking a surface that gets reflected is 
called albedo.

Some types of land absorb more radiant energy than others. 
Dark forests absorb sunlight, while light desert sands reflect it. 

When the Earth’s surface absorbs the sun’s energy, it turns the 
light into heat. This heat on the Earth’s surface warms the air 
above it. 

The air over the Equator gets warmer than the air over the 
poles. The air over the desert gets warmer than the air over the 
mountains. The air over land usually gets warmer than the air 
over water. As air warms, it expands. Its molecules get farther 
apart. The warm air is less dense than the air around it and rises 
into the atmosphere. Cooler, denser air nearby flows in to take 
its place. 

This moving air is what we call wind. It is caused by the uneven 
heating of the Earth’s surface.

Local Winds
The wind blows all over the planet, but mountainous and 
coastal areas have more steady and reliable winds than other 
places. Local winds are affected by changes in the shape of the 
land. Wind can blow fast and strong across the open prairie. 
Wind slows down and changes directions a lot when the land 
surface is uneven, or covered with forests or buildings.

 Mountain and Valley Winds
Local winds form when land heats up faster in one place than 
another. A mountain slope, for example, might warm up faster 
than the valley below. The warm air is lighter and rises up the 
slope. Cold air rushes in near the base of the mountain, causing 
wind to sweep through the valley. This is called a valley wind. 

At night, the wind can change direction. After the sun sets, the 
mountain slope cools off quickly. Warm air is pushed out of the 
way as cool air sinks, causing wind to blow down toward the 
valley. This is called a mountain wind, or katabatic winds (kat-
uh-bat-ik). 

When katabatic winds blow through narrow valleys between 
mountains, the speed of the wind increases. This is called the 
tunnel effect. Katabatic winds sometimes have special names 
throughout the world. In the United States, there are two—the 
Chinook is an easterly wind in the Rocky Mountains and the 
Santa Ana is an easterly wind in Southern California.

MOUNTAINS AND VALLEYS

COOL, DENSE AIRWARM, LESS DENSE AIR

Forest
5% to 15%

Water
5% to 80%

(varies with sun angle)

Light roof
35% to 50%

Dark roof
10% to 15%

Asphalt
5% to 10%

Thick clouds
70% to 80%

Thin clouds
30% to 50%

Snow
50% to 90%

AlbedoPercentage of Radiant Energy Reflected

The Earth’s surface and objects reflect different amounts of 
sunlight.
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 Sea and Land Breezes
During the day, the sun heats both land and water, but not to the 
same temperature. It takes more energy to heat water than it does 
land because they have different properties. When the sun shines, 
the land heats faster than the water. Land also gives up its heat faster 
than the water at night when the sun is not shining.

Since land changes temperature faster than water during the day, 
the air above land gets warmer than the air above water. The heated 
air above land rises, creating an area of low pressure. The air above 
the water is cooler, creating an area of higher pressure. The cooler 
air over the water moves to the area of low pressure over land. This 
is called a sea breeze because the breeze is coming from the sea.

At night, the land gives up its heat and cools more rapidly than 
water, which means the sea is now warmer than the shore. The air 
over the water becomes warmer than the air over the land. The 
warm, rising sea air creates an area of low pressure, and the cooler 
air above land creates an area of higher pressure. The air moves from 
higher to lower pressure, from the land to the water. This breeze is 
called a land breeze.

Sea Breeze

Land Breeze
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The large arrows show the 

direction of surface wind flow.

The arrows in the cells show 

the direction of air circulation 

in the atmosphere.
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Warmer air rises

Cooler air descends

Cooler air descends

Warmer air rises

POLAR EASTERLIES

PREVAILING WESTERLIES

NE TRADE WINDS

PREVAILING WESTERLIES

SE TRADE WINDS

EQUATOR - DOLDRUMS

Global Wind Patterns
The area near the Earth’s Equator receives the sun’s direct rays. The 
air over the surface warms and rises. The warmed air moves north 
and south about 30 degrees latitude, and then begins to cool and 
sink back to Earth. 

Trade Winds
Most of this cooling air moves back toward the Equator. The rest 
of the air flows toward the North and South Poles. The air streams 
moving toward the Equator are called trade winds—warm, steady 
breezes that blow almost all the time. The Coriolis Effect, caused 
by the rotation of the Earth, makes the trade winds appear to be 
curving to the west. 

Doldrums
The trade winds coming from the south and the north meet near 
the Equator. As the trade winds meet, they turn upward as the air 
warms, so there are no steady surface winds. This area of calm is 
called the doldrums. 

Prevailing Westerlies
Between 30 and 60 degrees latitude, the air moving toward the 
poles appears to curve to the east. Because winds are named for the 
direction from which they blow, these winds are called prevailing 

westerlies. Prevailing westerlies in the Northern Hemisphere cause 
much of the weather across the United States and Canada. This 
means in the U.S., we can look to the weather west of us to see what 
our weather will be like tomorrow.

 Polar Easterlies
At about 60 degrees latitude in both hemispheres, the prevailing 
westerlies join with polar easterlies. The polar easterlies form when 
the air over the poles cools. This cool air sinks and spreads over the 
surface. As the air flows away from the poles, it curves to the west by 
the Coriolis Effect. Because these winds begin in the east, they are 
called polar easterlies.

 Jet Streams
The highest winds are the jet streams. They are formed where the 
other wind systems meet. The jet streams flow far above the Earth 
where there is nothing to block their paths. These fast moving “rivers 
of air” pull air around the planet, from west to east, carrying weather 
systems with them. 

These global winds—trade winds, prevailing westerlies, polar 
easterlies, and the jet streams—flow around the world and cause 
most of the Earth’s weather patterns. 

Equator

Polar Jet

Polar Jet

Subtropical Jet

Subtropical Jet

Global Wind Patterns

Jet Streams
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Monitoring Wind

 Wind Direction
A weather vane, or wind vane, is a device used to monitor 
the direction of the wind. It is usually a rotating, arrow-shaped 
instrument mounted on a shaft high in the air. It is designed to 
point in the direction of the source of the wind. There are also 
digital instruments that measure wind direction.

Wind direction is reported as the direction from which the wind 
blows, not the direction toward which the wind moves. A north 
wind blows from the north, toward the south. 

 Wind Velocity
Wind speed is important because the amount of electricity that 
wind turbines can generate is determined in large part by wind 
speed, or velocity. 

A doubling of wind velocity from the low range to optimal range of 
a turbine can result in eight times the amount of power produced. 
This is a huge difference and helps wind companies decide where 
to site wind turbines.

Wind power (measured in watts) is determined by air density, the 
area swept by the turbine blades, and wind velocity, according to 
the following formula:

power = ½ ρAV3  (ρ = air density, A = area, V = velocity)

watts = ½(kg/m3) x (m2) x (m/s)3

Wind speed can be measured using an instrument called an 
anemometer. One type of anemometer is a device with three 
arms that spin on top of a shaft. Each arm has a cup on its end. 
The cups catch the wind and spin the shaft. The harder the wind 
blows, the faster the shaft spins. A device inside counts the number 
of rotations per minute and converts that figure into miles per hour 
(mph) or meters per second (m/s). A display on a recording device 
called a data logger shows the speed of the wind. There are also 
digital anemometers to measure wind speed.

 Wind Shear and Turbulence
As wind moves across the Earth’s surface, it is slowed by friction 
as it runs into and flows around obstacles on the surface or meets 
other air masses. Friction also affects the direction of the wind. 
Higher in the atmosphere, away from the Earth, the wind meets 
fewer obstacles, and therefore, less friction is produced. Winds 

WIND VANE ANEMOMETER

there are smooth and fast.

Wind shear is defined as an abrupt change in wind speed and/or 
wind direction at different heights in the atmosphere or within a short 
distance. It can be in a horizontal direction, a vertical direction, or 
in both directions. Some wind shear is common in the atmosphere. 
Larger values of wind shear exist near fronts, cyclones, and the jet 
stream. Wind shear in an unstable atmospheric layer can result in 
turbulence.

Turbulence is defined as a disturbance in the speed and direction of the 
wind that results in random, disordered movement of air molecules. It 
occurs when the flow of wind is disturbed, and the direction or speed 
is changed. Trees and buildings cause wind turbulence. When wind 
mixes warm and cold air together in the atmosphere, turbulence is 
also created. This turbulence is sometimes felt as a bumpy ride during 
an airplane flight.

Wind shear and turbulence are concerns to wind turbine engineers 
because they can affect the operation and output of turbines, and 
even cause them to fail.

WIND TURBINE BLADE TESTING

Wind turbine blades are tested to make sure they can withstand wind 
shear and turbulence. 

Image courtesy of Mike Jenks, NREL Staff
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Energy

What is Energy?
Wind is an energy source, but what exactly is energy? Energy makes 
change; it does things for us. We use energy to move cars along the 
road and boats over the water. We use energy to bake a cake in the 
oven and keep ice frozen in the freezer. We need energy to light our 
homes and keep them a comfortable temperature. Energy helps our 
bodies grow and allows our minds to think. Scientists define energy 
as the ability to do work.

Energy is found in different forms such as: light, heat, motion, sound, 
and electricity. There are many forms of energy, but they can all be 
put into two general categories: potential and kinetic.

Potential Energy 
Potential energy is stored energy and the energy of position, or 
gravitational energy. There are several forms of potential energy, 
including:

 Chemical energy is energy that is stored in the bonds of atoms and 
molecules that holds these particles together. Biomass, petroleum, 
natural gas, and propane are examples of stored chemical energy.

 Nuclear energy is energy stored in the nucleus of an atom. The 
energy can be released when the nuclei are combined (fusion) or 
split apart (fission). In both fission and fusion, mass is converted 
into energy, according to Einstein’s Theory, E = mc2. 

 Stored mechanical energy is energy stored in objects by the 
application of a force. Compressed springs and stretched rubber 
bands are examples of stored mechanical energy.

 Gravitational energy is the energy of position or place. A rock 
resting at the top of a hill contains gravitational potential energy. 
Hydropower, such as water in a reservoir behind a dam, is an 
example of gravitational energy. 

HILL

Kinetic
Energy

Potential
Energy

Potential and Kinetic Energy

Kinetic Energy
Kinetic energy is motion—the motion of waves, electrons, atoms, 
molecules, substances, and objects.

 Radiant energy is electromagnetic energy that travels in transverse 
waves. Radiant energy includes visible light, x-rays, gamma rays, 
and radio waves. Light is one type of radiant energy. Solar energy is 
an example of radiant energy.

 Thermal energy, or heat, is the internal energy in substances—
the vibration and movement of atoms and molecules within 
substances. The faster molecules and atoms vibrate and move 
within substances, the more energy they possess and the hotter 
they become. Geothermal energy is an example of thermal energy.

 Motion energy is the movement of objects and substances from 
one place to another. Objects and substances move when a force is 
applied according to Newton’s Laws of Motion. Wind is an example 
of motion energy.

 Sound energy is the movement of energy through substances in 
longitudinal (compression/rarefaction) waves. Sound is produced 
when a force causes an object or substance to vibrate and the 
energy is transferred through the substance in a wave. 

 Electrical energy is the movement of electrons. Lightning and 
electricity are examples.

Conservation of Energy
Conservation of energy is not saving energy. The law of conservation 
of energy says that energy is neither created nor destroyed. When we 
use energy, it doesn’t disappear. We simply change it from one form 
of energy into another. A car engine burns gasoline, converting the 
chemical energy in gasoline into motion energy. Solar cells change 
radiant energy into electrical energy. Energy changes form, but the 
total amount of energy in the universe stays the same.

Chemical Motion

Radiant Chemical

Chemical Motion

Electrical Thermal

Energy Transformations



©2012     The NEED Project     P.O. Box 10101, Manassas, VA 20108      1.800.875.5029     www.NEED.org 49

Petroleum 35.1%
Uses: transportation,
manufacturing 

Biomass 4.4%
Uses: heating, electricity,
transportation

NONRENEWABLE, 91.8%

U.S. Energy Consumption by Source, 2010

RENEWABLE, 8.2%

Hydropower 2.6%
Uses: electricity

Natural Gas 25.2%
Uses: heating, manufacturing,
electricity 

Geothermal 0.2%
Uses: heating, electricity 

Coal 21.3%
Uses: electricity, manufacturing 

Wind 0.9%
Uses: electricity 

Uranium 8.6%
Uses: electricity 

Propane 1.6%
Uses: heating, manufacturing

Solar 0.1%
Uses: heating, electricity

Data: Energy Information Administration

Energy Efficiency
Energy efficiency is the amount of useful energy you get from a 
system compared to the energy input. A perfect, energy-efficient 
machine would change all the energy put in it into useful work—an 
impossible dream. Converting one form of energy into another form 
always involves a loss of usable energy, often as waste heat.

Most energy transformations are not very efficient. The human body 
is a good example. Your body is like a machine, and the fuel for your 
machine is food. Food gives you the energy to move, breathe, and 
think. Your body is about 5-15 percent efficient at converting food into 
useful work. The rest of the energy is converted to heat. 

Sources of Energy
We use many different sources to meet our energy needs every 
day. They are usually classified into two groups—renewable and 
nonrenewable. 

Wind is energy in motion—kinetic energy—and it is a renewable 
energy source. Along with wind, renewable energy sources include 
biomass, geothermal energy, hydropower, and solar energy. They 
are called renewable because they are replenished in a short time. 
Day after day, the sun shines, the wind blows, and the rivers flow. 
Renewable sources only make up eight percent of the United States’ 
energy portfolio. We mainly use renewable energy sources to make 
electricity. 

In the United States, about 92 percent of our energy comes from 
nonrenewable sources. Coal, petroleum, natural gas, propane, and 
uranium are nonrenewable energy sources. They are used to make 
electricity, heat our homes, move our cars, and manufacture all kinds 
of products. They are called nonrenewable because their supplies are 
limited. Petroleum, for example, was formed millions of years ago from 
the remains of ancient sea plants and animals. We cannot make more 
crude oil in a short time.

Electricity is a secondary energy source. We use primary energy 
sources, including coal, natural gas, petroleum, uranium, solar, wind, 
biomass, and hydropower, to convert kinetic energy to electrical 
energy. In the United States, coal generates 44.9 percent of our 
electricity. In 1989 wind contributed less than one tenth of a percent 
to the electricity portfolio. Even though wind still represents a small 
fraction of electricity generation, it is quickly growing. From 2009 to 
2010, wind electricity generation increased 28 percent. Wind is the fastest growing 

renewable source in the electricity 
portfolio. Since 1996, the capacity 
for electricity generation from wind 
has increased from 1,400 MW to 
40,000 MW.

Growing Capacity
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Harnessing the Wind’s Energy

Evolution of the Windmill
Using the wind’s energy to do work is not a new idea. People 
have been capturing the wind to do work for a long time. A mill 
is a machine used to shape materials or perform other mechanical 
operations. For many years wind was the power source for mills 
of all kinds. The earliest European windmills, built in the 1200s, 
were called postmills. Their purpose was to grind grain between 
millstones. This is how windmills got their name. Millwrights built 
postmills out of wood. The entire windmill could be rotated when 
the wind changed directions. It was the miller’s job to rotate the 
postmill.

In the 1300s, smockmills were invented. The sails are attached to the 
cap, the top of the windmill, and that is the only part that rotates. 
The miller still had to physically rotate the cap into the wind when it 
changed directions. These mills were bigger, heavier, and stronger, 
since the building didn’t move. In the 1500s, tower windmills 
were built in Spain, Greece, and the Mediterranean Islands. Tower 
windmills were small and made out of stone. They had many small, 
lightweight sails, which worked well in the lighter winds of southern 
Europe. They were used to pump water and grind grain. The Dutch 
began to use drainage windmills in the 1600s to pump water that 
flooded the land below sea level. Using windmills to dry out the 
land, they doubled the size of their country. 

Windmills made work easier and faster. In addition to grinding 
grain, windmills in the 1700s were used to grind cocoa, gunpowder, 
and mustard. Hulling mills removed the outer layer of rice and 
barley kernels. Oil mills pressed oil from seeds. Glue mills processed 
cowhides and animal bones. Fulling mills pounded wool into felt. 
Paint mills ground pigments for paint as well as herbs and chemicals 
for medicines and poisons.

Windmills were used for other work, too. Miners used windmills 
to blow fresh air into deep mine shafts. Windmills provided power 
to run sawmills and paper mills. Sawmills cut logs and paper mills 
made paper. Wind power created the first Industrial Revolution in 
Europe.

 American Windmills
As Europeans came to America in the mid 1600s, they brought their 
windmill designs with them and windmills were a common sight in 
the colonies. In the 1800s, settlers began to explore the West. While 
there was plenty of space in the West, they soon discovered that the 
land was too dry for farming. A new style of windmill was invented, 
one that pumped water.

In 1854, a mechanic from Connecticut named Daniel Halladay 
built the first windmill designed specifically for life in the West. The 
Halladay Windmill, which is still in use today, sits on a tall wooden 
tower. It has a dozen or more thin wooden blades and turns itself 
into the wind. This American style windmill is less powerful than the 
old European models, but is built to pump water, not grind grain. 

As the West was settled, railroads were built across the Great Plains. 
Steam locomotives burned coal for fuel. They needed thousands 
of gallons of water to produce steam to run the engines. Windmills 
were vital in the railroad industry to provide water at railroad 
stations. A large windmill could lift water 150 feet. It worked in 
wind speeds as low as six miles per hour. Farmers built homemade 
windmills, or purchased them from traveling salesmen. These 
windmills provided enough water for homes and small vegetable 
gardens. Ranchers used windmills to pump water for their livestock 
to drink. In addition to pumping water, windmills in the American 
West performed many tasks and made life easier. Windmills were 
used to saw lumber, run the cotton gin, hoist grain into silos, grind 
cattle feed, shell corn, crush ore, and even run a printing press. 

In the 1890s, Poul LaCour, an inventor in Denmark, invented a wind 
turbine generator with large wooden sails that could generate 
electricity. At this time, lights and small appliances were available 
in America, but there were no power lines in the West to transmit 
electricity. Small-scale windmills became popular in rural areas as 
people connected their windmills to generators to produce small 
amounts of electricity. They could power lights, listen to the radio, 
and charge batteries.

Wind power became less popular as power plants and transmission 
lines were built across America. By the 1940s, fossil fuels became 
an inexpensive source of power generation. Using wind power 
to generate electricity was almost abandoned. After the oil crisis 
of the 1970s, however, the use of wind power began to increase. 
Scientists and engineers designed new wind machines that could 
harness the energy in the wind more efficiently and economically 
than early models. Today, wind is one of the fastest growing sources 
of electricity in the world. 

WINDMILLS
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 Modern Wind Turbines 
Today, wind is harnessed and converted into electricity using 
machines called wind turbines. The amount of electricity that a 
turbine produces depends on its size and speed of the wind. Most 
large wind turbines have the same basic parts: blades, a tower, and 
a gear box. These parts work together to convert the wind’s kinetic 
energy into motion energy that generates electricity. 

How a turbine works:

1. The moving air spins the turbine blades.

2. The blades are connected to a low-speed shaft. When the blades 
spin, the shaft turns.

3. The low-speed shaft is connected to a gear box. Inside the gear 
box, a large slow-moving gear turns a small gear quickly.

4. The small gear turns another shaft at high speed. 

5. The high-speed shaft is connected to a generator. As the high-
speed shaft turns the generator, it produces electricity. 

6. The electric current is sent through cables down the turbine tower 
to a transformer that changes the voltage of the current before it is 
sent out on transmission lines.

Wind turbines are most efficient when they are built where winds 
blow consistently at least 5.8 meters per second (m/s) (13 miles per  

hour). Faster winds generate more electricity. High above ground, 
winds are stronger and steadier. 

There are many different types of wind turbines with different 
blade shapes. Wind turbines can be designed to optimize output 
for specific ranges of wind speed. While one turbine might operate 
efficiently in winds as low as 2.5 m/s (5.6 mph), another may need 
winds up to 20 m/s (44.8 mph). 

Wind turbines also come in different sizes, based on the amount 
of electrical power they can generate. Small turbines may produce 
only enough electricity to power a few appliances in one home. 
Large turbines are often called utility-scale because they generate 
enough power for utilities, or electric companies, to sell. The largest 
turbines in the U.S. produce 2.5–3.5 MW, enough electricity to 
power 900 to 1,500 homes. Large turbines are grouped together 
into wind farms, which provide bulk power to the electrical grid.

What a Drag —Aerodynamics
Efficient blades are a key part of generating power from a wind 
turbine. The blades are turned by the wind and spin the motor drive 
shaft while, at the same time, they experience drag. This mechanical 
force slows down the whole system, reducing the amount of power 
that is generated.

Drag is defined as the force on an object that resists its motion 
through a fluid. When the fluid is a gas such as air, the force is 
called aerodynamic drag, or air resistance. Aerodynamic drag is 
important when objects move rapidly through the air, such as the 
spinning blades on a wind turbine. Wind turbine engineers who 
design rotor blades are concerned with aerodynamic drag. Blades 
need fast tip speeds to work efficiently. Therefore, it is critical that 
the rotor blades have low aerodynamic drag. 

There are many ways to reduce drag on wind turbine blades:

 Change the pitch: the angle of the blades dramatically affects the 
amount of drag. 

 Use fewer blades: each blade is affected by drag.

 Use light-weight materials: reduce the mass of the blades by using 
less material or lighter material.

 Use smooth surfaces: rough surfaces, especially on the edges, can 
increase drag.

 Optimize blade shape: the tip of a blade moves faster than the 
base; wide, heavy tips increase drag.

SKYSTREAM 3.7
BWC 

EXCEL
V52 

850 KW
GE 

1.5 MW
V82 

1.65 MW
V80 

2.0 MW
V90

3.0 MW

RATED CAPACITY 2.4 kW 10 kW 850 kW 1,500 kW 1,650 kW 2,000 kW 3,000 kw

RATED WIND SPEED 13 m/s 12 m/s 16 m/s 12 m/s 13 m/s 16 m/s 15 m/s

ROTOR DIAMETER 3.7 m 7 m 52 m 77 m 82 m 80 m 90 m

SWEPT AREA 10.87 m2 38.48 m2 2,124 m2 4,657 m2 5,281 m2 5,027 m2 6,362 m2

ROTOR SPEED 50-330 rpm 390 rpm 14.0-31.4 rpm 10.1-20.4 rpm 14.4 rpm 10.8-19.1 rpm 8.6-18.4 rpm

HUB HEIGHTS 10.4-21.3 m 18-43 m
44/48/55
65/74 m

61.4/64.7
80/85 m

70/78/80 m 67/80 m 80/90/105 m
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Gearing Up For More Power
Another key part of generating power in a large wind turbine is the 
gears. Power output is directly related to the speed of the spinning 
drive shaft (revolutions per minute or rpms) and how forcefully it 
turns (torque). 

A large wind turbine has a rotor with blades, a gear box, and a 
generator. As the blades spin, the rotor rotates slowly with heavy 
torque. The generator has to spin much faster to generate power, 
but it cannot use all the turning force, or torque, that is on the main 
shaft. This is why a large wind turbine has a gear box. 

Inside the gear box, there is at least one pair of gears, one large 
and one small. The large gear, attached to the main shaft, rotates 
at about 20 rpm with a lot of torque. This large gear spins a smaller 
gear, with less torque, at about 1500 rpm. The small gear is attached 
to a small shaft that spins the generator at high speed, generating 
power. The relationship between the large and small gears is called 
the gear ratio. The gear ratio between a 1500 rpm gear and a 20 
rpm gear is 75:1. Some small residential wind turbines spin much 
faster and do not have gears.

Wind Turbine Efficiency—Betz Limit
Wind turbines must convert as much of the available wind energy 
into electricity as possible to be efficient and economical. As turbines 
capture energy from the wind, the resultant wind has less energy 
and moves more slowly. If the blades were 100 percent efficient, 
they would extract all of the wind’s energy and the wind would 
be stopped. The maximum theoretical percentage of wind that 
can be captured has been calculated to be about 59 percent. This 
value is called the Betz Limit and modern turbines are designed to 
approach that efficiency. Most turbines today reach efficiencies of 
25-45 percent. 

Wind Farms
Wind power plants, or wind farms, are clusters of wind turbines 
grouped together to produce large amounts of electricity. These 
power plants are usually not owned by a public utility like other 
kinds of power plants are. Most wind farms are owned by private 
companies and they sell the electricity to electric utility companies. 

Choosing the location of a wind farm is known as siting a wind farm. 
To build a wind farm, wind speed and direction must be studied 
to determine where to put the turbines. As a rule, wind speed 
increases with height and over open areas with no windbreaks. The 
site must have strong, steady winds. Scientists measure the wind 
in an area for one to three years before choosing a site. Measuring 
the wind and obtaining construction permits require the most time 
when building a wind farm. 

The best sites for wind farms are on hilltops, the open plains, 
through mountain passes, and near the coasts of oceans or large 
lakes. Turbines are usually built in rows facing into the prevailing 
wind. Placing turbines too far apart wastes space. If turbines are too 
close together, they block each other’s wind.

There are other things to consider when siting a wind farm, such as:

 What is the weather like? Do tornadoes, hurricanes, or ice storms 
affect the area? Any of these may cause expensive damage to the 
wind turbines and associated equipment.

 Is the area accessible for workers? Will new roads need to be built? 
New roads are expensive.

 Can the site be connected to the power grid? It is expensive to lay 
long-distance transmission lines to get electricity to where people 
live, so wind farms should be located near transmission lines with 
available capacity. 

 Will the wind farm impact wildlife in the area? Developers building 
a wind farm need to get permission from the local community and 
government before building. There are strict building regulations 
to follow.

WIND FARM

Transmission line
carries electricity

Transporting Wind Electricity
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Offshore Wind Farms
The wind blows stronger and steadier over water than over land. 
There are no obstacles on the water to block the wind. There is a lot 
of wind energy available offshore. Offshore wind farms are built in 
the shallow waters off the coast of major lakes and oceans. While 
offshore turbines produce more electricity than turbines on land, 
they cost more to build and operate. Underwater construction is 
difficult and expensive. The cables that carry the electricity must 
be laid under the water.

Europe is currently leading the offshore wind industry with over 
1,100 turbines and almost 3,000 megawatts of installed capacity. 
Denmark, Belgium, Sweden, Finland, Germany, the United 
Kingdom, the Netherlands, Norway, and Ireland all have offshore 
wind turbines. 

In April 2010, the first offshore wind farm in the United States 
received final approval to begin construction. The Cape Wind 
Project on Nantucket Sound (MA) will consist of 130 wind turbines 
with a capacity of 420 megawatts of electricity. Construction is 
expected to begin in 2013.

Energy on Public Lands
Finding open lands for wind farms is important for the future of 
wind energy. The Bureau of Land Management (BLM) controls 
many of the lands with the best wind potential. About 440 
megawatts of installed wind capacity in the U.S. is on public lands. 
BLM works with companies to find sites for wind farms and ensure 
the turbines do not disturb the land, wildlife, or people. Once wind 
turbines are installed, and the companies are generating electricity, 
BLM collects royalties on the sales.

Wind farm developers pay farmers and ranchers for the wind 
rights on their land. Wind turbines do not interfere with farming or 

20’  (6 m)

250’  (76 m)

Wind turbines need to be sited in areas where they have access to a steady wind 
stream. Southwest Windpower recommends that the Skystream 3.7 be in an area 
with an average wind speed of 10 mph and at least 20 feet above any nearby 
obstacles within a 250 foot radius. 
Source: www.windenergy.com

OFFSHORE WIND FARM, DENMARK

ranching. Crops will grow around the turbines; cattle and sheep can 
graze under the turbines. Farmers and ranchers receive a share of 
the wind farm’s earnings as extra income. 

Texas produces the most electricity from wind energy in the 
United States, followed by Iowa and California. Combined, these 
three states produce over 40 percent of the nation’s total wind-
generated electricity. Production from BLM public lands in California 
contributes significantly, with more than 1,200 turbines producing 
513 megawatt-hours of electricity. Most of this production comes 
from the San Gorgonio Pass area in Riverside County and the 
Tehachapi Pass area in Kern County. 
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Small Wind Systems
Wind turbines are not only on wind farms or offshore, they can also 
be found on the property of private residences, small businesses, 
and schools. A typical home uses approximately 958 kilowatt-
hours (kWh) of electricity each month. Many people are choosing 
to install small wind turbines to lower or eliminate their electricity 
bills.

Siting a small wind turbine is similar to siting large turbines. 
Potential small wind turbine users need to make sure that there 
is plenty of unobstructed wind. The tip of the turbine blades 
should be at least 20-30 feet higher than the tallest wind obstacle. 
Sometimes this can be a challenge for installing a residential wind 
turbine if local zoning laws have height limitations. The turbine 
also requires open land between the turbine and the highest 
obstacle. Depending on the size of the turbine this may require 
a 250–500 foot radius. Specific siting recommendations can be 
obtained from the turbine manufacturer.

The Emergence Economic Stabilization Act of 2008 created 
energy tax incentives to encourage large and small companies, 
along with individuals, to make energy improvements and 

invest in renewable energy. Included in this bill is an extension 
and modification of the Residential Energy-Efficient Property 
Credit. Through December 31, 2016, individuals can receive a 30 
percent tax credit for installing a small wind system. Some states 
and utilities offer additional incentives to residents that install 
renewable energy systems. 

Opportunities and Challenges
Wind is renewable and is a clean source of energy, causing no 
air or water pollution. Wind is free and an economical source for 
producing electricity. It has the potential to produce up to 20 
percent of U.S. electricity demand. One of the disadvantages of 
wind energy is that it is dependent on the weather. When there 
is not enough, or too much, wind turbines do not generate 
electricity efficiently. In some areas, there is concern that birds and 
bats may be injured by collisions and other interactions with wind 
turbines. Some people believe wind turbines produce a lot of 
sound, and some think turbines affect their view of the landscape. 
Wind power is not the perfect answer to all of the world’s energy 
needs, but it is a valuable part of the solution.

Top 5 States with Wind

Power Capacity Installed, 2010
1. Texas
2. Iowa
3. California
4. Minnesota
5. Washington

10,089 MW
3,675 MW
3,253 MW
2,205 MW
2,104 MW

TEXASTEXAS
1

CALIFORNIACALIFORNIA
33

WASHINGTONWASHINGTON
55

MINNESOTAMINNESOTA
44

IOWAIOWA
22

Data: AWEA, NREL
Note: Does not include potential offshore wind resources.

Where the Wind Blows, the Jobs Go 
About 50 percent of the parts used to manufacture U.S. wind turbines are produced domestically. A look at where the wind blows the 
strongest and where current manufacturing facilities are located:

TURBINES TOWERSBLADES
Manufacturing Facilities

Average Wind Speed at 80 Meters

Faster than 9.5 m/s (faster than 21.3 mph)

7.6 to 9.4 m/s (17 to 21.2 mph)

5.6 to 7.5 m/s (12.5 to 16.9 mph)

0 to 5.5 m/s (0 to 12.4 mph)
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Wind Energy Timeline

3200 B.C. Early Egyptians use wind to sail boats on the Nile River. 

0 The Chinese fly kites during battle to signal their troops.

700s A.D. People living in Sri Lanka use wind to smelt (separate) metal from rock ore. They would dig large crescent-shaped 
furnaces near the top of steep mountainsides. In summer, monsoon winds would blow up the mountain slopes and 
into a furnace to create a mini-tornado. Charcoal fires inside the furnace could reach 1200°C (2200°F). Archaeologists 
believe the furnaces enabled Sri Lankans to make iron and steel for weapons and farming tools.

950 A.D. The first windmills are developed in Persia (present-day Iran). The windmills look like modern day revolving doors, 
enclosed on two sides to increase the tunnel effect. These windmills grind grain and pump water.

1200s Europeans begin to build windmills to grind grain.

1200s The Mongolian armies of Genghis Khan capture Persian windmill builders and take them to China to build irrigation 
windmills. Persian-style windmills are built in the Middle East. In Egypt, windmills grind sugar cane. Europeans built 
the first postmills out of wood.

1300s The Dutch invent the smockmill. The smockmill consists of a wooden tower with six or eight sides. The roof on top 
rotates to keep the sails in the wind.

1500s The tower windmill is developed in Spain, Greece, southern Europe, and France. 

1600s The Dutch began to use drainage windmills to pump water. The windmills dried out flooded land below sea level, 
doubling the size of the country. European settlers begin building windmills in North America.

1700s By the early 1700s, both the Netherlands and England have over 10,000 windmills.

As a boy, Benjamin Franklin experiments with kites. One day, he floats on his back while a kite pulls him more than a 
mile across a lake.

1854 Daniel Halladay builds and sells the Halladay Windmill, which is the first windmill designed specifically for the West. It 
has thin wooden blades and turns itself into the wind.

1888 Charles F. Brush, a wealthy inventor and manufacturer of electrical equipment in Cleveland, OH, builds a giant windmill 
on his property. The windmill generates power for 350 incandescent lights in his mansion. In the basement, a battery 
room stores 408 battery cells (glass jars) filled with chemicals that store the electricity generated by the windmill. In 
later years, General Electric acquires Brush’s company, Brush Electric Co.

Late 1880s The development of steel blades makes windmills more efficient. Six million windmills spring up across America as 
settlers move west. These windmills pump water to irrigate crops and provide water for steam locomotives.

1892 Danish inventor Poul LaCour invents a Dutch-style windmill with large wooden sails that generates electricity. He 
discovers that fast-turning rotors with few blades generate more electricity than slow-turning rotors with many 
blades. By 1908, Denmark has 72 windmills providing low-cost electricity to farms and villages.

1898-1933  The U.S. Weather Service sends kites aloft to record temperature, humidity, and wind speed.

1900s Wilbur and Orville Wright design and fly giant box kites. These experiments lead them to invent the first successful 
airplane in 1903.

1920s G.J.M. Darrieus, a French inventor, designs the first vertical axis wind turbine.

1934-1943 In 1934, engineer Palmer Putman puts together a team of experts in electricity, aerodynamics, engineering, and 
weather to find a cheaper way to generate electrical power on a large scale. In 1941, the first large-scale turbine in the 
United States begins operating. 

In 1941, the Smith-Putnam wind turbine is installed on Grandpa’s Knob, a hilltop in Rutland, VT. The turbine weighs 
250 tons. Its blades measure 175 feet in diameter. It supplies power to the local community for eighteen months until 
a bearing fails and the machine is shut down in 1943. 

1945-1950s  After World War II ends in 1945, engineers decide to start the Smith-Putnam turbine up again, even though it has 
formed cracks on the blades. Three weeks later, one of the blades breaks off and crashes to the ground. Without 
money to continue his wind experiments, Putman abandons the turbine. By the 1950s, most American windmill 
companies go out of business.

1971 The first offshore wind farm operates off Denmark’s coast.
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1973 The Organization of Petroleum Exporting Countries (OPEC) oil embargo causes the price of oil to rise sharply. High oil 
prices increase interest in other energy sources, such as wind energy.

1974 In response to the oil crisis, the National Aeronautics and Space Administration (NASA) develops a two-bladed wind 
turbine at the Lewis Research Center in Cleveland, OH. Unfortunately, the design does not include a “teetering hub”—a 
feature very important for a two-bladed turbine to function properly.

1978 The Public Utility Regulatory Policies Act (PURPA) requires utility companies to buy a percentage of their electricity 
from non-utility power producers. PURPA is an effective way of encouraging the use of renewable energy.

1980 The Crude Oil Windfall Profits Tax Act further increases tax credits for businesses using renewable energy. The federal 
tax credit for wind energy reaches 25 percent and rewards businesses choosing to use renewable energy.

1980s The first wind farms are built in California, as well as Denmark, Germany, and other European countries. Many wind 
turbines are installed in California in the early 1980s to help meet growing electricity needs and take advantage of 
incentives. 

1983 Because of a need for more electricity, California utilities contract with facilities that qualified under PURPA to generate 
electricity independently. The price set in these contracts is based on the costs saved by not building planned coal 
plants.

1984 A large vertical axis turbine, Project École, is built in Quebec, Canada. It is 110 meters high (360 ft.).

1985 By 1985, California wind capacity exceeds 1,000 megawatts, enough power to supply 250,000 homes. These wind 
turbines are very inefficient.

1988 Many of the hastily installed turbines of the early 1980s are removed and later replaced with more reliable models.

1989 Throughout the 1980s, Department of Energy funding for wind power research and development declines, reaching 
its lowest point in fiscal year 1989. More than 2,200 megawatts of wind energy capacity are installed in California—
more than half of the world’s capacity at the time.

1992 The Energy Policy Act reforms the Public Utility Holding Company Act and many other laws dealing with the electric 
utility industry. It also authorizes a production tax credit of 1.5 cents per kilowatt-hour for wind-generated electricity.

U.S. Windpower develops one of the first commercially available variable-speed wind turbines, over a period of 5 
years. The final prototype tests are completed in 1992. The $20 million project is funded mostly by U.S. Windpower, 
but also involves Electric Power Research Institute (EPRI), Pacific Gas & Electric, and Niagara Mohawk Power Company.

1994 Cowley Ridge in Alberta, Canada becomes the first utility-grade wind farm in Canada.

1999-2000  Installed capacity of wind-powered electricity generating equipment exceeds 2,500 megawatts. Contracts for new 
wind farms continue to be signed.

2003 North Hoyle, the largest offshore wind farm in the United Kingdom at the time, is built.

2005 The Energy Policy Act of 2005 strengthens incentives for wind and other renewable energy sources.

The Jersey-Atlantic wind farm off the coast of Atlantic City, NJ, begins operating in December. It is the United States’ 
first coastal wind farm.

2006 The second phase of Horse Hollow Wind Energy Center is completed, making it the largest wind farm in the world at 
the time. It has a 735.5 megawatt capacity and is located across 47,000 acres of land in Taylor and Nolan Counties in 
Texas.

2008 The U.S. Department of Energy releases the 20% Wind Energy by 2030 report detailing the challenges and steps to 
having 20 percent of U.S. electricity produced by wind by the year 2030.

The Emergency Economic Stabilization Act of 2008 provides a 30 percent tax credit to individuals installing small wind 
systems. The tax credit will be available through December 31, 2016.

2009 The Bureau of Ocean Energy Management, Regulation and Enforcement is given responsibility to establish a program 
to grant leases, easements, and rights-of-way for the development of offshore wind farms on the Outer Continental 
Shelf.

2010 Cape Wind on Nantucket Sound, MA is approved to become the nation’s first offshore wind farm. 

The U.S. DOE gives a loan guarantee for Caithness Shepherds Flat wind farm in Eastern Oregon. When completed, the 
project will generate 845 MW of electricity, making it one of the largest wind farms in the U.S.
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aerodynamics the branch of dynamics that deals with the motion of air (and other gaseous fluids) and the forces acting on solids in 
motion relative to such fluids

aerofoil a device, much like an airplane wing, that creates lift and minimizes drag. The blades have a specialized shape, which 
creates lift when moving air passes over the surface

Albedo the fraction of solar radiation reflected from the Earth back into space; average reflectivity of the Earth’s surface

anemometer an instrument that measures wind speed or wind speed and direction

array (turbine) the positioning and spatial arrangement of wind turbines relative to each other

Betz Limit the maximum fraction of the power in the wind that can theoretically be extracted by a wind turbine, usually given 
as 16/27 (about 59%)

blades most wind turbines have 2 or 3 blades, which catch the wind and turn the generator

brake stops the rotor in emergencies

capacity the power generating or carrying potential of a device

capacity factor the practically available power (usually expressed as a percentage) from a wind turbine. It is defined as the ratio of the 
annual energy output of a wind turbine to the turbine’s rated power times the total number of hours in a year (8,760)

Coriolis Effect the deflection sideways of free-moving air or water bodies (e.g., wind, ocean currents, airplanes, and missiles) relative 
to the solid earth beneath, as a result of the Earth’s eastward rotation; the Coriolis Effect must be taken into account 
when projectile trajectories, terrestrial wind systems, and ocean currents are being evaluated

cut-in speed the wind speed below which a wind turbine cannot economically produce electricity; it is unique for each turbine

cut-out speed the wind speed above which a wind turbine cannot economically produce electricity without also potentially suffering 
damage to its blades or other components

decibel (db) a standard unit for measuring the loudness or intensity of sound. In general, a sound doubles in loudness with every 
increase of 10 decibels.

decibel, 

a-weighted [db(a)]

a measurement of sound approximating the sensitivity of the human ear and used to characterize the intensity or 
loudness of a sound

doldrums an area of calm where the trade winds converge near the Equator

drag a mechanical force that acts on a solid object interacting with a fluid, typically slowing down a moving item or
system

electric motor a device that takes electrical energy and converts it into motion energy to turn a shaft

electric power the amount of energy produced per second; the power produced by an electric current

electricity a form of energy characterized by the presence and motion of electrically charged particles generated by friction, 
induction, or chemical change

electricity 

generation

the process of producing electric energy or the amount of electric energy produced by transforming other forms of 
energy, commonly expressed in kilowatt-hours (kWh) or megawatthours (MWh)

emission a discharge or something that is given off; generally used in regard to discharges into the air. Or, releases of gases 
to the atmosphere from some type of human activity (cooking, driving a car, etc.). In the context of global climate 
change, they consist of greenhouse gases (e.g., the release of carbon dioxide during fuel combustion).

energy the ability to do work or the ability to move an object; electrical energy is usually measured in kilowatt-hours (kWh), 
while heat energy is usually measured in British thermal units (Btu) 

energy 

consumption

the use of energy as a source of heat or power or as a raw material input to a manufacturing process

energy efficiency refers to activities that are aimed at reducing the energy used by substituting technically more advanced equipment, 
typically without affecting the services provided. Examples include high-efficiency appliances, efficient lighting 
programs, high-efficiency heating, ventilating and air conditioning (HVAC) systems or control modifications, efficient 
building design, advanced electric motor drives, and heat recovery systems.

gear box increases the rpm of the low-speed shaft, transferring its energy to the high-speed shaft in order to provide enough 
speed to generate electricity 

Wind Glossary
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gear ratio relationship between large and small gears in a generator

generating 

capacity

the amount of electrical power a power plant can produce

generator a device that turns motion energy into electrical energy. The motion energy is sometimes provided by an engine or 
turbine.

guy wire wire or cable used to secure and stabilize wind turbines, meteorological towers, and other vertical objects in wind 
resource areas

high-speed shaft transmits force from the gear box to the generator 

hub the central portion of the rotor to which the blades are attached

interconnected 

system

a system consisting of two or more individual power systems, normally operating with connecting tie lines 

interconnection two or more electric systems having a common transmission line that permits a flow of energy between them; the 
physical connection of the electric power transmission facilities allows for the sale or exchange of energy 

intermittent 

electric generator 

or intermittent 

resource

an electric generating plant with output controlled by the natural variability of the energy resource rather than 
dispatched based on system requirements. Intermittent output usually results from the direct, non-stored conversion 
of naturally occurring energy fluxes such as solar energy, wind energy, or the energy of free-flowing rivers (that is, 
run-of-river hydroelectricity) 

jet stream a narrow current of air that rapidly moves through the atmosphere creating boundaries at areas with
differences in temperature; caused by Earth’s rotation and solar radiation

katabatic wind 

(mountain wind)

a wind that carries high-density cooler air from higher elevations to lower elevations down a slope, often
called a mountain wind or fall wind

kilowatt a unit of power, usually used for electric power or energy consumption (use); one kilowatt equals 1000 watts 

kilowatt-hour 

(kWh)

a measure of electricity defined as a unit of work or energy, measured as 1 kilowatt (1,000 watts) of power expended 
for one hour; one kWh is equivalent to 3,412 Btu or 3.6 million joules 

kinetic energy the energy of a body that results from its motion 

land breeze a wind that blows from land toward the ocean in the evening, caused by different cooling rates of water and
land surfaces

leeward away from the direction of the wind; opposite of windward 

load the power and energy requirements of users on the electric power system in a certain area or the amount of power 
delivered to a certain point

load balancing keeping the amount of electricity produced (the supply), equal to the consumption (the demand); this is one of the 
challenges of wind energy production, which produces energy on a less predictable schedule than other methods 

low-speed shaft connects the rotor to the gear box 

mechanical energy the energy of motion used to perform work

mechanical power the power produced by motion 

megawatt a unit of electrical power equal to 1000 kilowatts or one million watts 

nacelle the portion of the turbine that encompasses the drive train, the bedplate on which it rests, and the cover that protects 
the components from the elements; the nacelle for offshore turbines is specially designed to seal the interior from salt 
spray and moisture; the nacelle also includes maintenance cranes, access hatches, and wind sensors

nonrenewable 

energy sources

fuels that cannot be easily made or “renewed;” we can use up nonrenewable fuels; oil, natural gas, propane, uranium, 
and coal are nonrenewable fuels

offshore the geographic area that lies seaward of the coastline. In general, the coastline is the line of ordinary low water along 
with that portion of the coast that is in direct contact with the open sea or the line marking the seaward limit of inland 
water 

ohm the unit of resistance to the flow of an electric current 

peak load plant a plant usually housing old, low-efficiency steam units, gas turbines, diesels, or pumped-storage hydroelectric 
equipment normally used during the high energy usage time periods

pitch the orientation of a turbine blade relative to the direction of the wind

polar easterlies dry, cold winds that begin in the east and flow in a westerly direction away from the poles

power the rate at which energy is transferred. Electrical power is usually measured in watts.
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power coefficient 

or rotor power 

coefficient

the ratio of the rotor power density to the wind

power degradation the loss of power when electricity is sent over long distances

power density 

or rotor power 

density

the mechanical power available at the rotor shaft divided by the swept area of the rotor

power-generating 

efficiency

the percentage of the total energy content of a power plant’s fuel that is converted into electric energy. The remaining 
energy is lost to the environment as heat. 

power plant a facility where power, especially electricity, is generated

prevailing 

westerlies

winds that blow from west to east and occur in temperate zones of the Earth

renewable energy 

sources

fuels that can be easily made or “renewed;” we can never use up renewable fuels; types of renewable fuels are 
hydropower (water), solar, wind, geothermal, and biomass

rotational speed the rate (in revolutions per minute) at which a turbine blade makes a complete revolution around its axis; wind turbine 
speeds can be fixed or variable

rotor the portion of a modern wind turbine that interacts with the wind; it is composed of the blades and the central hub 
to which the blades are attached

rotor diameter the diameter of the circular area that is swept by the rotating tip of a wind turbine blade. It is equal to twice the blade 
length.

sea breeze a wind that blows from the ocean to land during the day, caused by different cooling rates of water and land
surfaces

start-up speed the wind speed at which a rotor begins to rotate

swept area the circular area that is swept by the rotating blades. Doubling the length of the blades quadruples the blade-swept 
area.

tip speed or rotor 

tip speed

the speed of the tip of a rotor blade as it travels along the circumference of the rotor-swept area

tip speed ratio the ratio of the speed of the tip of a rotating blade to the speed of the wind

torque moment force; the tendency of a force to rotate or twist an object on its axis

trade winds  warm, steady easterly breeze flowing towards the Equator in tropical latitudes

transformer a device that converts the generator’s low-voltage electricity to higher-voltage levels for transmission to the load 
center, such as a city or factory

transmission 

(electric)

the movement or transfer of electric energy over an interconnected group of lines and associated equipment 
between points of supply and points at which it is transformed for delivery to consumers or is delivered to other 
electric systems; transmission is considered to end when the energy is transformed for distribution to the consumer

transmission line a set of conductors, insulators, supporting structures, and associated equipment used to move large quantities of 
power at high voltage, usually over long distances between a generating or receiving point and major substations or 
delivery points

transmission 

system (electric)

an interconnected group of electric transmission lines and associated equipment for moving or transferring electric 
energy in bulk between points of supply and points at which it is transformed for delivery over the distribution system 
lines to consumers or is delivered to other electric systems

tunnel effect when air becomes compressed in narrow spaces and its speed increases

turbine a device with blades, which is turned by a force, e.g. that of wind, water, or high pressure steam. The motion energy of 
the spinning turbine is converted into electricity by a generator.

turbulence disturbance or chaotic change in the speed or direction of the wind

upwind turbine a turbine that faces into the wind, requires a wind vane and yaw drive in order to maintain proper orientation in 
relation to the wind

utility generation generation by electric systems engaged in selling electric energy to the public 

valley wind a wind that blows up the slope of a mountain allowing cooler air to sweep into the valley
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volt (V) the volt is the International System of Units (SI) measure of electric potential or electromotive force. A potential of one 
volt appears across a resistance of one ohm when a current of one ampere flows through that resistance. Reduced to 
SI base units, 1 V = 1 kg times m2 times s3 times A (kilogram meter squared per second cubed per ampere).

voltage the difference in electrical potential between any two conductors or between a conductor and the ground; a measure 
of the electric energy per electron that electrons can acquire and/or give up as they move between the two conductors

watt (W) a metric unit of power, usually used in electric measurements, which gives the rate at which work is done or energy 
used

wind the term given to any natural movement of air in the atmosphere; a renewable source of energy used to turn turbines 
to generate electricity

wind farm one or more wind turbines operating within a contiguous area for the purpose of generating electricity

wind machine device powered by the wind that produces motion or electrical power (wind turbine) 

wind resource 

areas (WRAS)

areas where wind energy is available for use based on historical wind data, topographic features, and other parameters

wind shadow the area behind an obstacle where air movement is not capable of moving material

wind shear the change, sometimes severe, in wind direction caused primarily by geographic features and obstructions near the 
land surface

wind tower devices, some as tall as 120 feet, which lift wind turbine blades high above the ground to catch stronger wind currents

wind vane wind direction measurement device, used to send data to the yaw drive

windward into, or facing the direction of the wind; opposite of leeward

windward slopes those slopes facing into the wind

yaw side-to-side movement; for wind turbines, it refers to the angle between the axis of the rotor shaft and the wind 
direction; as this angle increases, the turbine’s ability to capture the wind’s energy decreases

yaw drive used to keep the rotor facing into the wind as wind direction changes
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Name __________________________________________________ Grade Taught _____________

School ________________________________________________

Did you find this guide useful as you taught about wind in your classroom? Why or why not?

Did you complete all of the activities in the Wind for Schools guide? If not, which ones did you choose and why?

Were your students able to access the Wind for Schools web site? If so, please describe what your students found most useful about the 
site. Are there changes to the site that you believe would be beneficial?

Do you have recommendations for how we can improve this guide/program?

What other resources would be helpful to you?

Will you teach this unit again? Why or why not?

Please fax your comments to:

FAX: 1-800-847-1820

Wind for Schools Evaluation
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