
Wind Energy Curriculum

Developed by:

Renewable energy





Table of contents

1. Introduction to energy  
2. Understanding electrical energy  
3. Electric energy sources  
4. Winds of change  
5. Today’s turbines  
6. Prospecting for wind  
7. Conservation choices 

Acknowledgements 

Student assessment 

Bibliography
 
Web site resources 



4

Acknowledgements  

The idea of creating curriculum on the subject of electricity and more specifi cally on renewable energy sources 
came about through talks with Great River Energy, Minnesota Department of Commerce and  Laurentian 
Environmental Center staff. They put their talk to work to bring funding sources together for  the Laurentian 
Environmental staff to begin work on the curriculum.  

The fi rst phase of the project produced a basic curriculum accompanied by a kit of instructional materials.  It was 
called “The Windy Classroom”. Teacher workshops were held at the Laurentian Environmental  Center as a way 
to demonstrate to teachers the use of the curriculum and the kit. Teachers helped to  evaluate the curriculum 
content.  

The next phase was a revision of the curriculum based upon teacher input. The staff began to think of  ways 
to package the curriculum for teacher and general use by anyone interested in learning about the  science of 
electricity, generation of electricity, the electric grid, wind as a generation source and  conservation.  

Great River Energy and Minnesota Power provided the funding for the revision and the development of a  CD 
version of the curriculum. Their commitment to the project made it all possible. We want to thank  these project 
partners for making it possible for Jim DeVries and Kristi Sopoci, authors of the curriculum  and Laurentian 
Environmental Center staff, to create what they hope is a useful and enjoyable tool for  anyone wanting to learn 
about electricity and the electric industry. 

Great River Energy, Minnesota's second largest power supplier, is a 
generation and transmission (G&T) cooperative providing electricity and related 
services to 28 distribution cooperatives in Minnesota and Wisconsin. Great 
River Energy, the nation's fourth largest G&T, owns and maintains 4,474 miles 
of transmission line and 2,400 megawatts of generation assets. Its member 
cooperatives serve 580,000 customers or 1.3 million people. 
   17845 E. Highway 10
   Elk River, MN  55330
   Phone: 763-441-3121
   www.greatriverenergy.com

Minnesota Power, a division of ALLETE, provides electricity in a 26,000 square 
mile electric service territory located in northeastern Minnesota. Minnesota 
Power supplies retail electric service to 135,000 customers and wholesale 
electric service to 16 municipalities. Minnesota Power generates and buys 
power generated from a variety of sources, including coal, gas, biomass, and 
wind, in locations from North Dakota to northern Illinois.  
   30 W. Superior St.
   Duluth, MN  55802
   Phone: 218-722-2641
   www.mnpower.com

Laurentian Environmental Center (LEC) is a 150 bed residential learning 
center located in northeastern Minnesota on Minnesota’s Iron Range. It is 
owned and operated by the Mounds View Public Schools, a St. Paul suburban 
public school district. It provides academic hands-on learning experiences for 
students from 80 schools, 17 civic organizations, and 3 colleges (6,000 people/
year). 
   8950 Peppard Road
   Britt, MN  55710
   Phone: 888-749-1288 or 218-749-1288
   www.laurentiancenter.com or lec@rangenet.com 



5



1
Section one - What is Energy?



7

OVERVIEW  

Energy is a common term used in everyday life: “Turn 
off the lights -- we don’t want to waste energy!”; “I 
don’t have the energy to do that.”; “Those kids have 
too much energy!”; and so on. In this section we 
explore the defi nition of energy and the various forms 
energy takes. As we learn more about energy, we 
will investigate the laws of thermodynamics and the 
process of energy conversion.  

OBJECTIVES  

1. Students are introduced to the six forms of energy 
found on planet Earth. 

2. Students explore kinetic and potential energy. 
3. Students are introduced to the three laws of 

thermodynamics. 
4. Students become familiar with metrology. 

VOCABULARY LIST

Energy
Potential energy  
Kinetic energy  
Circuit  
Thermodynamics  
Entropy  

Metrology  
Joule   
Calorie   
British Thermal Unit   
Power   
Watt

SUGGESTED MATERIALS 
  
Rope
“C” Clamp  
2 different sized weights to attach to the rope  
Rubber band  
Mouse trap  
Wind up toy  

Section 1

What is energy?
OUTLINE

1. What is Energy?
 – Demontrate Potential and Kinetic 

 Energy
 – Student Activity: Find Potential and  

 Kinetic Energy
 – Six Common Forms of Energy
 – Student Activity: Six Forms of Energy
 – Energy Demonstrations and 

 Discussions

2. The Laws of Thermodynamics
 – The First Law of Thermodynamics
 – The Second Law of Thermodynamics
 – The Third Law of Thermodynamics
 – Classroom Demonstration and 

 Discussion

3. Energy Measurements
 – Metrology
 – Energy Units
 – Student Activity: Energy Unit 

 Conversions

Section References

1
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1. WHAT IS ENERGY?

We hear the word energy everyday, but how many of us actually take the time to stop and think about what the energy everyday, but how many of us actually take the time to stop and think about what the energy
word really means? Everyone uses energy to heat their homes, to play basketball, to power their autos, and 
more. In this curriculum, we explore the scientifi c defi nition of energy and then look at wind energy in detail. 
Before we can study wind energy we need to understand the concepts of energy as used in science.  

Energy is defi ned as the ability to do work, and work takes Energy is defi ned as the ability to do work, and work takes Energy
many different forms. Work produces light and heat, and 
it creates growth, decay, and motion. Energy powers the 
technology of yesterday, today and tomorrow. Energy is 
around and within us all the time, even though we may not 
always notice it as energy. To further defi ne energy, we must 
look at the different forms of energy in our world.  

Energy is classifi ed in two ways: potential and kinetic. Energy is classifi ed in two ways: potential and kinetic. Energy
Potential energy is the energy an object holds because of its 
position or composition. Potential energy is also thought of as 
“stored energy,” waiting to be released. Examples of potential 
energy include water behind a dam, a stretched rubber band, 
or a loaded mousetrap. Kinetic energy is energy in motion. A Kinetic energy is energy in motion. A Kinetic energy
baseball in fl ight, a rock rolling down a hill, and a leaf falling 
from a tree are all examples of kinetic energy. The amount 
of energy in an object in motion is dependent on the mass 
and velocity of the object. Energy is either active or passive 
depending on its state. Passive energy is potential energy; 
active energy is kinetic energy.  

Demonstrate Potential and Kinetic Energy
Stretch a rubber band. Stretching the rubber band loads it with potential energy. Release the rubber band to 
change it from potential to kinetic energy. You can also do this by setting a mouse trap. A set trap has potential 
energy. When the mechanism is triggered we see the energy in motion, or kinetic energy. 

Student Activity  
Find objects at home that demonstrate potential and kinetic energy. Bring these to class.  

Examples include setting a mouse trap, releasing a ball on top of a slope, and fi lling a balloon 
with air, then releasing it. 

Student Activity  
Have students brainstorm examples of the six forms of energy. Here are some ideas:  

Mechanical: wind-up toys, a mouse trap, a stretched rubber band, wind turbine  
Chemical: food, batteries, gasoline, wood, coal  
Thermal: fi re, hot water, geysers from underground, car  radiators  
Electrical: generators, alternators, radios, TVs, lightning  
Nuclear: fusion, fi ssion and radioactive decay  
Radiant: sunshine, microwaves, X-rays, visible light 

Both potential and kinetic energy are 
found in six common forms

1. Mechanical: the energy stored in   
objects and the movement of objects

2. Chemical: the energy stored in the  
bonds of atoms and molecules

3. Thermal: energy of moving molecules 
within a substance (heat)

4. Electric: energy of moving electrons or 
ions

5. Nuclear: energy stored in the nucleus of 
an atom

6. Radiant: energy that moves in waves

��������
��������
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Energy Demonstrations and Discussions  
These demonstrations and discussion ideas can help students understand the different 
forms of energy. 

1. Energy in Food Discussion  
The energy in food is actually potential chemical energy that has been stored inside 
plants from the process of photosynthesis. When we eat, the food is transformed in 
our bodies into useful (kinetic) energy. It’s interesting to note that energy stored in 
food is measured in kilocalories, even though nutritionists refer to them as calories.  

2. Measuring Calories  
 Calories can be measured by performing a simple experiment. First, students need 

to know that a calorie is the amount of energy it takes to heat one gram of water one 
degree Celsius.  To demonstrate this idea, you need these supplies: A known mass 
of burnable food, a small container fi lled with one gram of water, and a sensitive 
thermometer.

Process:
 Place the water in a heatable beaker suspended above the food source on a wire 

stand. Place the thermometer into the beaker. Light the food on fi re and observe the 
change in water temperature. This equals (roughly) the amount of calories in that food 
item. Compare the calorie content from the test results with published information 
found in nutrition books. Don’t forget to convert the results to kilocalories before 
making the comparison. Is there a difference in the numbers? Why or why not? 

3. Counting Calories  
 Have students log what they eat (their caloric intake) and their activities (energy used) 

for one day. Use a nutrition book to fi nd the caloric value of all the food consumed 
and the calories burned for different activities. Do the students fi nd a defi cit or a 
surplus in their diet? 

1.  Wind Up Toys 
 A simple example of mechanical energy is an old-fashioned wind-up toy. When the 

crank on the toy is turned, a spring is tightened, storing energy in the spring. When 
the toy is released, the spring transfers energy to connected parts to make the toy 
move. The actual movement comes from the transferred mechanical energy of the 
spring. Students can use various wind-up toys to demonstrate this principle. 

2.  Car Engines and Energy Discussion 
 Most machinery operates by taking advantage of several energy sources. For 

example, the internal combustion engine uses chemical energy stored in a fuel, 
exploded by a spark of electrical energy, releasing energy as heat that expands air 
to move a piston — thus transferring the chemical energy to mechanical energy. The 
mechanical energy then turns the transmission gears and other parts to move the car. 
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mechanical energy then turns the transmission gears and other parts to move the car. 

Chemical Energy

Mechanical Energy
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1.  Cooking Discussion 
 Thermal energy is the relative quantity of heat in an object, and incorporates the transfer of heat from one 

object to another. We commonly use thermal energy to cook our food. You turn on the stove, and the heat is 
transferred to the food in the pan. On a larger scale, thermal energy can be harvested from underground and 
used to complete a task, such as heating or cooling a building. 

2.  Hot Water 
 To demonstrate thermal energy, record the amount of time it takes to raise the temperature of a cup of water 

by 10 degrees Fahrenheit using different heating sources. Use several different heating implements: a candle, 
a hot plate, a can of Sterno and a camping stove. Now determine which heat source has the fastest heat 
transfer rate (BTU/hour) to perform the task at hand. 

1.  Discussion 
 Electrical energy is a familiar form of energy. We often refer to it simply as electricity. Electrical energy is used 

when an appliance is plugged into an electrical outlet. Electrons fl ow through the wires to electronic circuits 
that make the technology work. A fl ashlight does the same thing, except that the electron fl ow comes from 
a chemical reaction inside the battery and fl ows through metal contacts to make the light glow. In the next 
section of this curriculum we take a closer look at electrical energy and how it is created. 

2.  Circuits 
 The path the electrons follow is called a circuit. You can demonstrate a simple circuit by connecting a light 

bulb to a battery with two wires.

Key Idea 
As you can see, energy is defi ned in 
many different ways. Plus, energy can 
change forms as it is employed to 
perform work. For example, consider 
a campfi re. The type of energy that 
ignites the fi re is chemical, but — as 
the fi re burns — we can measure 
conversion of that chemical energy 
into thermal and radiant energy. The 
rising smoke is caused by thermal 
energy, and both the light we see and 
the warmth we feel are forms of radiant 
energy. When we use energy, we don’t 
use it up; it changes from one form to 
another and in doing so degrades in 
quality.

Thermal Energy

Electrical Energy
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2. THE LAWS OF THERMODYNAMICS

The Laws of Thermodynamics refer to energy and the use of energy. We want to introduce the laws to help 
students understand how energy transfers from one form to another. First, let’s defi ne thermodynamics: 
thermo = heat and dynamics = motion so thermodynamics literally means the “fl ow of heat.” The basic idea of 
thermodynamics is entities that the same temperature will not have heat fl ow between them.

The First Law of Thermodynamics

Energy is always conserved throughout the universe. It cannot be created or destroyed; it can only change 
forms. This law states we have all the energy in the universe we’ll ever have.

The Second Law of Thermodynamics

Whenever we use energy to perform work, some of it is lost as heat. That heat still counts toward the total 
amount of energy in the universe, but it becomes unavailable for further use, so the usable amount of energy 
decreases. The unusable form refers to the energy’s storage potential. For example, heat can be used to 
accomplish a task, but the heat cannot be recovered and is diffi cult to store. This concept of energy moving 
gradually to unusable forms is called entropy. Entropy is also described as the amount of disorder of things. 
Everything in the universe is becoming more and more disordered, which simply means that as the amount of 
entropy increases there is less useful energy available.

The Third Law of Thermodynamics 

At absolute zero (-460 degrees F), all motion stops. But the third law states we can never quite get there. The 
diffi culty with freezing something to the point where all motion stops is that the action of freezing is always 
connected to something warmer. For example, as a freezer touches the fl oor in a lab, some heat is transferred to 
the freezer - making it nearly impossible to reach absolute zero. 

We are exploring the conversion of thermal energy back into mechanical energy, or work. The availability of 
heat for conversion back to mechanical energy depends on how high the temperature of the working fl uid (e.g., 
steam or hot water) is above the temperature of the environment. Heat energy at the same temperature as its 
environment has zero availability for work.

Here is a light-hearted way to think about the laws of thermodynamics:

  Law 1.
   You can never do better than break even.

  Law 2.
   You can only break even at absolute zero.

  Law 3.
   You can never reach absolute zero.
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Classroom Demonstration

The Swinging Weights demonstration is a fun way to demonstrate the Laws of Thermodynamics.

Supplies:
rope, a “C” clamp, weights of different sizes that can be attached to the rope

Process:
Attach a rope to a “C” clamp mounted to a door frame. On the other end of the rope attach a small weight. Next 
recruit a BRAVE student volunteer. Have the student stand so the weight will just touch their nose when raised 
to that level (note: the rope should be pulled tight). Ask what will happen if you were to release the weight. Of 
course it will swing out and back again, but will it touch the nose of your volunteer?

Try it, but make sure your volunteer does not move or he/she will be in for a surprise. The weight should not be 
pushed, just released. The students watch the weight swing, but not make it to the volunteer’s nose. Ask the 
class: “Did the weight have enough potential energy to make the entire apparatus swing back?”

Now attach a bigger weight (more potential energy) and try it again. It still will not make it. Why?

Demonstration Discussion
The weight can’t hit the student according to the First Law of 

Thermodynamics: Energy can’t be created or destroyed. The weight 
cannot swing higher than its starting point because some of the 

energy dissipates into the air as heat. Consider the Second Law of 
Thermodynamics: Whenever energy is used, some of it becomes 
heat. So — if this law is true — what happened to the energy in 
the weight? It became heat when the weight and rope caused 
drag on the air; the drag created friction, friction creates 
heat. The heat dissipates into space and is not usable again. 
Another point to note is the amount of heat lost equals the 
amount of energy lost from the weight.

Swinging Weights
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3. ENERGY MEASUREMENTS 

In order to learn more about energy, we need to know how it is measured. Energy is measured in several different 
ways and the different units of measurement can easily be compared by simple conversions. Let’s explore how 
to measure energy and why several different methods are used.

Metrology
Metrology is the study of a system of measurement used to depict physical phenomena. Ninety-fi ve percent of 
the world lives in metric countries. The U.S. is steadily moving toward the using metric units of measurement. 
Older units of measure in the U.S. have been referred to as customary, standard or “foot-pound” units of 
measure - named after the British FPS system (foot, pound, second).  Since wind technology is a global 
technology, the U.S. wind energy industry primarily uses metric units of measure. This curriculum uses metric 
units of measure (sometimes referred to as SI - International System of Units) throughout the text with few 
exceptions — such as land-based dimensions — and foot-pound units where such information is helpful.

Energy Units
Various terms are used to express energy units. The primary units in metric terms are:

Joule (J) -- The metric (SI) unit of energy can refer to work or the quantity of heat. A Joule is the amount of 
energy required to move an object one meter using a force of one Newton; expressed as a formula: J=N.m

Calorie (cal) -- A unit of heat energy used in early (1790s) versions of a system that has been offi cially 
discontinued in the international metric system. However, due to widespread use, the calorie continues to be 
used extensively to measure the energy-producing potential in food. One calorie of heat is required to raise 
the temperature of one gram of water one degree Celsius. References to calories in diet are kilocalories since 
the number of calories would be too large for convenient calculation.

British Thermal Unit (BTU) -- The expression of thermal energy in foot-pound units. One BTU is the amount of 
heat required to raise the temperature of one pound of water one degree Fahrenheit.

Power -- Power is used as a measure of the rate energy is used to do work.  Units of power allow us to measure 
“energy used per unit of time.”

Watt -- In the metric term for power, defi ned as one joule/second. A night light, for example, uses 5 joules per 
second, or 5 watts.  A combined unit for electrical energy includes “watt” in the energy term, which can be combined unit for electrical energy includes “watt” in the energy term, which can be combined unit
confusing. Although the metric unit for energy is the joule, for convenience electrical energy is often expressed 
as the amount of energy consumed as a specifi c rate (in watts) for a period of time (hours). This is expressed 
in the combined unit watt-hour, or more frequently kilowatt-hour (1,000 watt-hours). For instance, fi ve 50-watt 
bulbs burning for four hours would use 5x50x4=1,000 watt-hours or 1 kWh.

In the foot-pound system, power is expressed as BTU/hour (thermal energy) or horsepower (mechanical energy). 
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Student Activity
Though energy concepts are measured in many ways using various units, values are easily 
converted between units of measure. Let’s convert energy units from one measurement to 
another:

So, to convert BTUs to watt-hours, multiply by 0.293; e.g., 800 BTU x 0.293 = 234 watt-hours.  

To convert in the opposite direction, divide by the value in the right column to obtain the value on the left; e.g., to 
convert kilowatt-hours to BTUs, divide by 0.293; for example, 300 watt-hours/ 0.293 = 1020 BTU.

Section References

Achieving Energy Independence - One Step at a Time, by Jeffery R. Yago, 2001, Dunimis Technology, Inc., 
Gum Springs, VA 

Bill Nye - The Science Guy’s Big Blast of Science, by Bill Nye, 1993, TVbooks, INC., Addison - Wesley 
Publishing Company, Reading, MA. 

��������
��������

Multiply By To Obtain

BTU  1055 joules

BTU  252 calories

BTU/hour 252 calories/hour

BTU  0.293 watt-hour

Kilocalories 860.5 kilowatt-hour 
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OVERVIEW

This section is designed to offer a quick glimpse at 
electricity. There are more details to electric circuitry 
and electric production that can be researched 
and included in this lesson. The bibliography has 
additional resources to further explore electrical 
energy.

OBJECTIVES

1. Students are introduced to basic concepts and 
vocabulary of electricity including volt, amperes, 
watt, kilowatt, etc. 

2. Students are introduced to differences between 
AC and DC current as they relate to electrical use. 

3.  Students are introduced to concepts of 
transforming or converting mechanical energy into 
electricity. 

4. Students explore electricity storage and electricity 
transportation systems. 

5. Students become familiar with the electric 
industry’s organizational structure. 

VOCABULARY LIST

ions
electricity
electrical current
circuit
voltage
amperes
ohm
watts

kilowatt
parasitic electric load
alternating current
direct current
cycle
frequency
Hertz
electrochemical reaction

Section 2

Understanding 
Electrical Energy

OUTLINE

1. Principles of Electricity
 – Volts, Amperes, Watts - What does It  

 All Mean?
 – Vocabulary Review
 – Calculating Energy
 – Student Activity and Discussion:   

 Energy Use Calculation
 – Parasitic Electric Loads

2. AC vs. DC Electricity
 – AC and DC
 – Mechanical Energy Transfer

3. Electricity Storage and Transportation
 – Batteries
 – Student Activity: Build a Model Battery
 – Distribution and Transmission Grid
 – Step-by-Step Explanation of the Grid
 – System Constraints
 – Electrical Industry Organization
 – Student Activities

Section References

distribution grid
transmission system
substation
distribution line
distribution system
transmission substation
distribution bus

SUGGESTED MATERIALS

Several small electric devices
Volt-meter
Copper wires
Galvanized nails
Different foods (potato, lemon, orange, apple)

Salt
Several pennies and nickels
Paper towels
Cup of water

2
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1. PRINCIPLES OF ELECTRICITY

Volts, Amperes, Watts - What Does it All Mean?
Special terms are commonly used to describe electrical 
energy, as with any technical topic. Let’s begin our exploration 
with a defi nition of electricity: a form of energy produced by 
the fl ow of electrons through materials and devices under the 
infl uence of an electromotive force produced electrostatically, 
mechanically, chemically, or thermally.

Where does this electron fl ow (or transfer) come from? On a 
molecular level each atom is comprised of a nucleus made 
of protons and neutrons with a certain number of electrons 
orbiting the nucleus. A molecule can change when exposed 
to an outside source of energy, such as heat, magnetism, 
chemical reaction and so on. Some electrons become more 
excited by the outside energy and reach a higher energy level. 
As a result, some electrons break free from their “parent” 
atoms and those electrons are known as ions. An electrostatic 
fi eld then affects these ions in exactly the same manner as any 
charged body: opposites attract and like charges repel. This 
creates the fl ow of electrons we call electrical current.

Once again, electricity is simply defi ned as the fl ow of 
electrons from one point to another. There are ways to 
measure the fl ow and strength of electricity. First, let’s explore 
the idea of electrical current. Current is a measure of the fl ow Current is a measure of the fl ow Current
of electrons in a wire (or other conductive material). Consider 
the fl ow of water through a garden hose. If we turn on the 
hose, the water fl ows through it and comes out the open 
end. This happens because the pressure makes the water 
molecules push against each other and this causes the column 
of water to fl ow through the hose. In the case of electricity, the 
electrons do the pushing and cause the fl ow, or current.

Electrical current needs a circuit to follow or it will not move. 
A circuit is simply a series of wires or other conductive circuit is simply a series of wires or other conductive circuit
materials that form a connected path for the electrons to 
follow. Electricity is measured in terms of voltage, which is the 
amount of force or pressure in the current of fl owing electrons. 
Let’s compare an electrical circuit to the garden hose. As 
we open the faucet further, there is more pressure (voltage) 
forcing water through the hose, increasing the amount (current) of water fl owing through the hose. High voltage 
means there is a lot of force (pressure) in the current and a low voltage means there is less force (pressure) in the 
current.

To further explore electricity we must be familiar with the terms amperes, watts and ohms. The quantity of an 
electrical current in a circuit is expressed in amperes or “amps.” An ohm is defi ned as the basic unit of electrical 
resistance, or — stated another way — the amount of electrical energy converted to heat in a circuit is measured 
in ohms. Remember, the Second Law of Thermodynamics states: energy isn’t lost; it is just transferred to another 
form. Here’s an example of how these terms of measurement of electrical energy are used. One ampere results 
in a circuit that has one ohm resistance when a potential of one volt is applied to the circuit. For humans, the 
higher the amps fl owing through a circuit the more dangerous the current becomes.

A watt is another unit of measure for electrical power. The rate at which electricity does work is measured in watt is another unit of measure for electrical power. The rate at which electricity does work is measured in watt
watts. The watt is the unit of measure for the rate at which we use electricity in our homes. Since a watt is a very 
small unit, we commonly use the measure of kilowatts — a kilowatt is equal to 1,000 watts.

Vocabulary Review

For the purposes of this curriculum, these 
defi nitions are adequate. Although this is 
a simplifi ed look at electric terminology, 
a broader exploration can result as more 
information is shared with students.

Electricity: a form of energy produced by 
the fl ow of electrons through materials 
and devices under the infl uence of 
an electromotive force produced 
electrostatically, mechanically, chemically, 
or thermally.

Electrical current: the fl ow of electrons.  

Circuit: a series of wires or other 
conductive materials that form a 
connected path for electrons to follow.  

Voltage: the amount of force or pressure in 
the current of fl owing electrons.

Amperes (amps): the quantity of an 
electrical current in a circuit.

Ohm: the basic unit of electrical resistance; 
the amount of electrical energy converted 
to heat in a circuit.

Watts: the rate at which electricity does 
work; the unit of measure for the rate at 
which we use electricity in our homes.

Kilowatt: 1,000 watts.    
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Calculating Energy
Electricity (electrical energy) is measured in kilowatt-hours. The average cost of one kilowatt-hour (residential 
use) is 8 to 9 cents (this price varies across the United States). How much work does the energy of a kilowatt-
hour represent? One kilowatt-hour can run a TV for 5 hours, or heat water for a fi ve-minute shower (U.S. 
Department of Energy).

To calculate the amount of electricity used by a particular home appliance, multiply the wattage (found on the 
appliance and in the manufacturer’s literature) by the number of hours the appliance is used, then divide by 
1,000. This gives you the kilowatt-hour (kWh) consumption. Next, fi nd the rate the electric company charges per 
kilowatt-hour. Use this to calculate the cost of operating the appliance.

For example, if 8.5 cents per kWh is the electric company’s rate, you can determine the amount of electricity that 
might be used in a typical evening. Figure 2.1 illustrates the calculation process. 

Appliance Time Used Average Wattage kWh Cost (cents)

Area Lighting  3 hours 100 0.3 2.55

Dishwasher  1 hour 1,000 1.00 8.5

Air Conditioning 3 hours 1,500 4.5 38.25

Color TV  3 hours 200 0.6 5.1

Stereo w/CD Player 3 hours 100 0.3 2.55

Refrigerator 3 hours 208 .62 5.27

Water Heater (80 gal.) 2 hours 5,000 10.0 89.00

Total kWh for three hours of an evening: 17.32  Cost: $1.51
Activity information form Zilkha Renewable Energy Web site:  http://www.zilkha.co

(Figure 2.1)
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Discovery Activity

Every electrical device has the information on it that can be used to determine the amount of 
energy it uses in a given period of time. In this activity, students search for this information and 
use it to determine the appliance’s electrical energy consumption.

Process:
Have students form small groups. Give each group a small electric appliance with the 
manufacturer’s power use information. Each group will use this information to see how much 
energy the appliance uses in an hour. To accomplish this, the group will need to fi rst identify some 
specifi c information about the appliance. See example - Figure 2.2. 

To calculate the amount of energy used in an hour, multiply the watts by the number of hours the appliance is 
used, then divide by 1,000 to fi nd the number of kilowatt-hours used. Have the students start with a one hour 
comparison.

Finally, students use their calculations to make a comparison between the costs of running each device. Multiply 
the kilowatt-hours by $.085 for the average cost / hour. 

Extension Activity
The class can complete this exercise on a school tour. Go to the offi ce, the copy room, and the 
cafeteria as well as the classroom. In addition, students can complete this exercise at home, 
collecting information from home appliances.

Discussion Questions
Each group reports its fi ndings and the appliances are rated from highest energy use to lowest.

Which device uses the least amount of energy? Which uses the most? This information is only partly useful, 
because we use different devices for different lengths of time.

Which device(s) do we typically leave on all day? What is the energy use of these for the entire 24-hour period?  

Multiply the kWh by 24 to determine the use for a day. For those appliances that normally operate for short time 
periods, calculate the amount of time they are typically used in a day and compare the costs, again. From this 
comparison, consider this question: Are the appliances that are used all day more effi cient in their energy use 
than the short-term items?

Energy use Calculation

��������
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Air Heater

Voltage A.C. 120V 

Frequency  60Hz

Current 12.3 A

Power  1500W

This is the type of device

This refers to the voltage requirements to run 
the device.

This is the cycle of electricity per second of 
the device

This is the number of amperes required to 
run the device.

The power refers to the rate of use of 
electricity used to run the device.

(Figure 2.2)
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Parasitic Electric Loads
Some appliances still use electricity even when we shut them off. This is referred to as a Parasitic Electric 
Load, which is the amount of electricity needed to keep appliances in a standby mode. Appliances with 
remote controls, transformers, or electronic memory use small amounts of energy even when they are shut off. 
These costs should be included in the total electrical calculations of an appliance. Here are some examples of 
appliances and their standby use:

Appliance ** Watts

Microwave with electric clock  3

Doorbell transformer 2

Furnace thermostat 2

Burglar alarm w/ digital keypad  11

Halogen desk lamp w/ wall cube 1

Treadmill w/ electronic controls 9

Cordless phone 2

Fax machine 5

Ink Jet printer 4

Laser printer 8

Flat bed color scanner 2

Exit light w/ 2 incadescent 20-watt bulbs 40

19" Color TV w/ remote 4

Sony DSS Satellite receiver 14

Basic playback VCR 6

Stereo VCR w/ remote 7

Stereo w/ remote 3

25-gal. aquarium Air Pump & Heater 2

The total energy consumed by these items is 3 kWh in a 24-hour period. That equals about $0.25 per day, $7.50 
per month, or $93.00 a year. What could you do with $93.00 each year? Although these seem like trivial amounts 
at fi rst glance they add up over time.

** Note: all information is from 
appliances  manufactured 

since 1996. Older appliances 
may not be as effi cient and 
the watts used in standby 

mode may be greater.

(Figure 2.3)
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2. AC vs. DC ELECTRICITY

This section examines the differences between an Alternating Current 
(AC) and a Direct Current (DC), including a discussion on the benefi ts 
and limitations of each, as well as the process for conversion between 
the two.

The electricity we use comes in two different forms: alternating current 
(AC) and direct current (DC). In our homes we typically use AC electricity 
to run our appliances, TVs radios, and other electric devices. DC is 
typically used in devices powered by batteries such as fl ashlights, cars, 
and portable radios. The difference between DC and AC is how the 
electrons fl ow in the circuit.

In direct current, the electrons fl ow in one direction all the time. The 
electrons leave the battery (or other source) from the negative terminal 
and follow the circuit, eventually returning to the battery as its positive 
terminal. The amount of current is dependent on several factors, but 
generally the conductive materials in the battery will determine the 
voltage of the DC current. We explore how batteries work later in this 
section.

Alternating currents are different than DC. The fl ow of electrons 
changes directions 120 times per second. One complete back and forth 
oscillation is known as a cycle. The number of cycles per second is 
called the frequency. Frequency — or cycles per second — is measured 
in Hertz. To translate these ideas, the fl ow of electrons in a circuit will 
change direction 120 times every second since the electromotive force 
pushing them (voltage) changes direction 120 times every second. This 
is sometimes referred to as oscillating. AC power, like DC, must have 
a complete circuit for its electrical energy to travel along. The plug on 
your radio has two prongs that make a complete circuit when they are 
plugged into the wall outlet. 

Mechanical Energy Transfer
Both AC and DC electricity are created with a generator. One type 
of generator consists of several strong magnets and several coils of 
copper wire. The generator is made to spin by a form of energy like 
wind, water, or steam, and this causes wire coils inside the generator 
to spin between two magnets. As the coils pass by the magnets, a 
magnetic fi eld is created which excites the electrons in the copper wire 
to move from atom to atom.

Generators can generate AC or DC power, depending on how they 
are designed and how the current moves through the wires. In a DC 
generator the wire coil rotates in a circle between two magnets and the 
connection is split at the right time to keep the electrons fl owing in one 
direction. In an AC generator the wire coil rotates between two magnets, 
but the connection is not split, causing the polarity to change as the coil 
revolves, thus reversing the fl ow of electrons several times each second.
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3. ELECTRICITY STORAGE AND TRANSPORTATION

Batteries
Most people are familiar with DC power because it is found inside a 
battery. A battery works quite simply. A chemical reaction inside the 
battery — using two different conductive materials and an acid — 
produces a fl ow of electrons that powers our DC devices. Let’s explore 
how this works in one of the simplest batteries, a zinc/carbon battery.

Imagine you have a jar full of sulfuric acid. Stick a zinc rod in the acid 
and the acid will immediately start to eat away the zinc. You will see 
hydrogen gas bubbles forming on the zinc, and the rod and acid will 
start to heat up. If you place a carbon rod in the acid, the acid does 
nothing to it. But connect a wire between the zinc rod and the carbon 
rod, and the electrons fl ow through the wire and combine with the 
hydrogen on the carbon rod (it is easier for electrons to combine with 
the hydrogen on the carbon rod). As the electrons begin to fl ow, the 
zinc rod begins to dissolve again and will eventually disappear. When 
the zinc rod is gone, the power from the “battery” ceases to fl ow. This 
is an example of an electrochemical reaction. In order for the chemical 
reaction to begin to happen on either rod, the two must be connected
so the electrons can fl ow between them.

The same electrochemical reaction occurs in any battery. The types of 
metals and the acids (electrolytes) in the battery are used to control the 
voltage. In rechargeable batteries the reaction is completely reversible. 
So the battery – after it is depleted of energy – can be charged with 
electrons and provide power all over again. 
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Discovery Activity

There are two easy methods for building a battery with common materials.

Potato Battery
(This is a simple battery experiment for students.)

Supplies:
a potato, stiff copper wire, galvanized nails (the galvanizing is zinc), volt-ohm meter that can read 
low voltages

Process:
To make the battery the students simply put the wire and nail into the potato, touch the probes of the volt-
ohm meter to the nail and wire and read the voltage across the connection. Have the students experiment with 
different spacing of the nail and wire in the potato.

Students may want to experiment with different foods that might produce a voltage. Set up several stations with 
different foods. Use potatoes, lemons, vinegar, salt water and soap. Students can try each food and see which 
one makes the best batteries. 

Teacher tip:
Acid foods work the best, like lemons, oranges, vinegar and so on. To extend the activity, have the students 
hook up their potatoes (or other foods) in a parallel and series circuit. Use this to discuss how to increase voltage 
or amperage from batteries. Discuss with the students why you would want to change the voltage and amperage 
in a circuit. 

Copper/Nickel Battery
Alessandro Volta created this battery in 1800 by alternating layers of zinc, silver, and blotting 
paper soaked in salt water.

Supplies:
Pennies and nickels, paper towel, salt water solution, voltmeter

Process:
To make a student version of Volta’s battery, alternate pennies, nickels, and paper towel soaked in a salt water 
solution. To make the salt water solution, dissolve salt in water until fully saturated and then insert small squares 
of paper towel and moisten. A nickel on the bottom of the stack and a penny on the top of the stack will create 
the different polarities of your battery. Touch the probes of the voltmeter to the nickel and penny ends to 
measure the voltage of this battery.

Allow students to experiment further by adding more layers to the stack and compare the results to the fi rst 
battery.

��������
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Build a Model Battery
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Distribution and Transmission Grid
Batteries are the main storage units for DC electricity, but AC electricity isn’t stored. Instead, AC electricity, and 
sometimes DC electricity, is transmitted on the distribution grid.

Have you ever heard anyone say “on the grid” or “off the grid” when talking about electricity going to 
consumers? The term on the grid means the consumer is within an established electric distribution system on the grid means the consumer is within an established electric distribution system on the grid
and their home or business is hooked up to the local electric lines. They buy electricity from the local utility. If 
someone is off the grid, they are located too far away to make it economically feasible to hook up to the local 
electric lines. The nearest line might be more than one mile away and the consumer can’t afford the cost to have 
one mile of electric distribution line built to power their house. Or, someone may live off the grid because they off the grid because they off the grid
choose to produce their own power through means other than their local utility. 

Transmission
Within the grid there are transmission and distribution systems. Transmission systems are the interconnected, 
very large power poles across the countryside with multiple lines strung from pole to pole. These lines are very 
high voltage lines that transmit electricity long distances to substations and distribution lines.

Transmission lines carry electricity that is sold from one electric utility to another. This is referred to as sales of 
electricity at the wholesale level.  The Federal Electric Regulatory Commission (FERC) regulates this wholesale 
business.

According to the U.S. Department of Energy, in 2003 there were over 10,000 power plants nationwide that 
delivered electricity through over 157,000 miles of high voltage electric transmission lines. The electricity 
eventually reached 131 million customers. The nation spends $247 billion on electricity a year and the total asset 
value of the grid is estimated at $800 billion. 

Photo: D. A. Black
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Distribution
Distribution systems are the series of power poles with two to three lines strung from pole to pole. You typically 
see these along roadways or streets. These are the lines that deliver electricity to homes and businesses. This is 
referred to as sales of electricity at the retail level. The state public utility regulates this level of business. 

Electricity is generated at a power station, 
or other similar point, through any number 
of generation methods. Let’s say there is 
a coal fi red or hydro powered plant that is 
generating electricity (See Section 3, Energy 
Sources, for more information on coal and 
hydropower). This electricity comes from 
the generator as AC, then may go through a 
multiple conversion process to to the grid. 
The electric utility decides if the electricity 
will travel along the transmission line as AC 
or DC, depending on what the utility needs 
to accomplish. 

Before going too far, the electricity 
enters a transmission substation near the 
power source. The substation uses large 
transformers to boost the generator’s current 
up to extremely high voltages. Typical 
voltages for long distance transmission are 
in the 155,000 to 765,000 volt range. This 
high voltage reduces the amount of energy 
that is lost to resistance in the lines. A typical 
transmission distance is about 300 miles. 

Upon reaching your neighborhood, the power 
must be stepped down to be useful to the 
homeowner or business. To accomplish this, 
the power is sent through a power substation, 
which does several things. 

a. The power substation uses transformers 
to step the voltage down from hundreds of 
thousands of volts to less than ten thousand 
volts. 

b.The substation has a distribution bus that 
can split the power in different directions to 
service a smaller geographic area. 

c.The power substation often has circuit 
breakers and switches so the distribution grid 
can be disconnected from its high voltage 
lines for service or emergency situations. 

1)

2)

3)
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From the distribution bus, 
the power is sent through 
a transformer that steps 
down the voltage to 
7,200 volts. This voltage 
is typical on distribution 
lines that run through 
suburban neighborhoods. 

Along the distribution 
lines, the power goes 
through one more 
transformer where the 
voltage is dropped 
from 7,200 volts to the 
220 volts that enter 
a normal household 
electric service. 

In the home, the circuit’s 
voltage is now split in half 
for most uses. This provides 
the 110 volt service we fi nd 
at the wall outlet to run the 
radio, blow-dryer, or TV. 
Some appliances, like ovens 
and clothes dryers, need 220 
volts. In these cases, the 
voltage is not split. 

A circuit is completed when the plug from the 
appliance is connected to the house wiring through 
the wall outlet.The electrons perform the work, and 
the remaining electrons leave the appliance back 
through the plug to re-enter the transmission grid.

4) 5)
6)

7)

 a Step-by-Step 
Explanation of the 
Distribution Grid
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Summary
When electricity is generated at the power station, it is immediately put on the transmission grid and sent out for 
consumers. Electricity travels at 186,000 miles per second, so it is at your house before you even think about it. 
If the electricity does not get used at your house, it will continue on until it is used somewhere.

Teacher Note
You can engage students in exploring the electricity grid through a visual representation of the grid. Begin by 
drawing a power plant on the board. On the other end of the board draw a student’s house. Ask: “How does 
electricity get from the plant to the house?”

Students usually respond by saying that it goes through the power lines. Draw these on the board. Ask: “Is that 
all?”

Someone might mention the little green box near her/his house. Add it to the drawing. Is that all? Another 
student mentions a bunch of electrical stuff surrounded by a fence. Draw this on the board.

Any elements that students mention as part of the grid should be added to the drawing. Once everything 
students can think of is added to the picture, add any missing components and go through an explanation of 
how the grid actually works. Students can demonstrate their knowledge of terms by labeling the elements that 
they mention. This simple activity makes the grid real for students.

System Constraints
In recent times, the transmission systems have been challenged in meeting the increasing demand for electricity. 
On August 14, 2003, the demand on the transmission system caused a major blackout in the Northeast and 
Midwest United States. According to the U.S. Department of Energy, such blackouts can cost the economy 
billions of dollars. The August 14 blackout resulted in economic losses that totaled approximately $6 billion 
(Standard and Poor’s estimate).

A variety of factors impact the performance of the grid. These factors include aging equipment, transmission 
bottlenecks, the effects of deregulation and regulatory change, and jurisdictional issues associated with the 
multiple stakeholders who control, regulate and/or impact parts of the grid.

Upgrading the grid is necessary and very expensive. Upgrading the grid can help ensure reliable electricity 
delivery. Reliability means the consumer can count on electricity to be there when he turns on the light switch. 

(See Section 7, CONSUMER CHOICES, for more information on Electricity Demands & Conservation)

Electric Industry Organization
The electric industry’s organization is complex in the United States. This section provides a basic organizational 
structure that can be expanded upon as students research this topic.

There are two basic kinds of electric utility business organizations: for-profi t businesses (investor-owned) and 
nonprofi t businesses (electric cooperatives and city-owned).

The for-profi t category includes very large investor-owned utilities to very small power producers (i.e., a single 
wind generator owned by a small company). Most for-profi t companies are regulated by government and set 
electric rates so their investors in the stock market can make a good return on their investment. A board of 
directors, elected by shareholders (those who own stock in the company), governs for-profi t companies.

Nonprofi t utilities include cooperative forms of business and municipal/government owned businesses. 
Cooperatives are member-owned companies. This means each and every residence or business that has an 
electric meter and buys its electricity from the cooperative is a member/owner. Member/owners elect the board 
of directors of the cooperative. Member/owners may be paid capital credits (a share of margins) depending upon 
fi nancial decisions made by the board.
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Municipal electric utilities are a form of nonprofi t utility but are government owned and operated. Municipal 
means a city government owns it. In this case, it is the city governing body (elected offi cials) that makes 
decisions as to how to manage the electric utility. In some cities, the city council selects another group of 
citizens to be a separate governing body for the electric utility. These organizational structures may vary from 
state to state in the United States.

Student Activities

The Day the Lights Went Out
Students work in groups of three to research the August 14, 2003, blackout. Encourage them to 
fi nd news articles and look on the U.S. Department of Energy web site (see Web Site Resources). 
Students can write an article about the blackout from their perspective, including any information 
gained through their research. Ask them to list ways to get consumers to reduce the demand on 
electricity.

My Electric Utility
Have students research their own electric utility. The following is a list of sample  questions for 
this activity.

 • Is the utility investor-owned, city-owned, or a cooperative?
 • Who are the members of the governing board?
 • How many customers do they serve, and what is the size of the service territory?
 • Where are the transmission lines and distribution lines located in the community?

    • How does the utility ensure there are no blackouts in their system?
    • If there was a blackout over an 8-hour period, what are the fi nancial impacts to the  local   

      economy?
    • What happens when an electric utility needs to build transmission lines to meet the growing   

      consumer demand?

Further Discovery Activity
Power Utility Guest Speaker
Invite a representative from your local power utility to come to your school and talk with your 
students. Ask questions about how the grid works, locally.

 • How does the utility get its energy?
 • Do they produce energy on site or is there a separate generation center?
 • What type of energy source/fuel does the utility use?
 • What path does energy follow to get into the school?

Section References

The Way Things Work by David Macaulay, 1988, Houghton Miffl in Company, Boston MA.The Way Things Work by David Macaulay, 1988, Houghton Miffl in Company, Boston MA.The Way Things Work

Basic Electronics by Gene McWhorter and Alvis J. Evans, 1994, Master Publishing, Lincolnwood, IL.

Achieving Energy Independence- One Step at a Time by Jeffery R. Yago, Dunimis Technology Inc., PO Box 
10, Gum Springs, Virginia 23065

U.S. Department of Energy Web Site:  <http://www.eia.doe.gov> 

The Day the Lights went out
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3
OVERVIEW

Humans use several different energy sources 
throughout the world to supply their needs. Some 
energy sources are millions of years of years old, 
while others are less than a day old. In this section, 
students investigate the most common energy 
sources and report benefi ts and limitations of each.  

OBJECTIVES

1. Students understand the defi nitions of renewable  
and non-renewable energy sources. 

2. Students are able to identify ten different forms of 
energy used to generate electricity. 

3. Students can list the benefi ts and limitations of 
several common energy sources, including wind 
energy. 

VOCABULARY LIST

non-renewable resources
renewable resources
biomass
coal

oil
natural gas
nuclear
bioenergy

hydrogen powered fuel cells
geothermal
hydropower
solar
wind

SUGGESTED MATERIALS  

Copies of the Energy Source Information Cards from 
this section
Research materials available in school

OUTLINE

1. From Energy to Electricity
 – Non-renewable and Renewable Energy  

 Sources
 – Benefi ts and Limitations

2. Student Activity: Energy Source Study
 – Energy Source Introductions
 – Get Ready to Research
 – Study Your Sources
 – Show What You Know
 – Review the Information
 – Back to the Journal
 – Further Questions

3. Energy Source Information Pages
 – Coal
 – Nuclear
 – Geothermal
 – Oil
 – Bioenergy
 – Hydropower
 – Natural Gas
 – Solar
 – Wind
 – Hydrogen Powered Fuel Cells

Section 3

Energy Sources
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1. FROM ENERGY TO ELECTRICITY

Energy comes in different forms. A spinning turbine is an example of mechanical energy. Mechanical energy 
is converted to electricity through the use of a generator. Compare this to batteries and fuel cells that convert 
chemical energy into electricity. Then there are photovoltaic cells that convert radiant energy (the sun’s rays) into 
electricity.

In each example, the key to understanding how energy is converted to electricity begins with understanding the 
energy source. Energy sources are categorized as non-renewable resources or renewable resources. What’s the 
difference? Let’s investigate!

Energy sources such as coal, crude oil and natural gas are 
non-renewable which means they cannot be naturally replaced 
at the rate at which they are consumed. Their formation took 
place over millions of years. Non-renewable fuels began as 
deposits of buried plants and animals — this is why they are 
also known as fossil fuels. While nuclear power is not a fossil 
fuel, it’s a non-renewable resource because it uses a fi nite 
resource that cannot be replenished over time. According 
to the U.S. Department of Energy, non-renewable energy 
sources provide 91% of the energy consumed in the U.S.

What is a renewable energy resource? Renewable energy 
sources are created and renewed by the sun on a daily 
basis. Renewable energy sources include wind, solar, 
biomass, moving water (hydropower), and geothermal. 
Renewable also describes a resource that can be 
replenished in one’s lifetime. Examples include trees 
used as a biomass energy source or corn used for 
the production of ethanol. In 1999, renewable energy 
sources were used in only 9% of the total primary 
energy production.

The uses of renewable and non-renewable fuel 
sources have specifi c economic, environmental and 
social benefi ts and limitations. Let’s take a closer 
look at coal, a non-renewable energy source. Coal is 
affordable and abundant. Developing technologies 
have allowed coal to be utilized more effi ciently. However, when 
coal is burned for electric generation, byproducts such as sulfur are released. 
Sulfur dioxide mixes with precipitation in the atmosphere and becomes a dilute form of sulfuric 
acid, commonly referred to as acid rain. This is an undesirable environmental effect of using coal. Reducing 
these emissions has an economic cost to the utility, which is passed on to the consumer. A social cost occurs 
when coal mining employment fl uctuates due to shifting consumer demands.

Each energy source has benefi ts and limitations that are weighed by the producer and consumer. It’s time to 
examine ten common energy sources to determine the benefi ts and limitations of each one.

Energy sources such as coal, crude oil and natural gas are 
non-renewable which means they cannot be naturally replaced 
at the rate at which they are consumed. Their formation took 
place over millions of years. Non-renewable fuels began as 
deposits of buried plants and animals — this is why they are 
also known as fossil fuels. While nuclear power is not a fossil 
fuel, it’s a non-renewable resource because it uses a fi nite 
resource that cannot be replenished over time. According 
to the U.S. Department of Energy, non-renewable energy 
sources provide 91% of the energy consumed in the U.S.

What is a renewable energy resource? Renewable energy 

have allowed coal to be utilized more effi ciently. However, when 
coal is burned for electric generation, byproducts such as sulfur are released. 

Photo: Sandia National Laboratories
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2. ENERGY SOURCE STUDY 

Discovery Activity Procedures

1. Journal Question -- List the ten energy sources on the board:

  • coal   • wind   • oil  • geothermal  • natural gas    
 • hydropower  • nuclear • solar   • bioenergy   • hydrogen powered fuel cells

 Before students begin their research on energy sources, have them answer this question in their journal: Think 
about each fuel source. What do you think the benefi ts and limitations are of each fuel source? Base your 
answer on what you already know.

2. Get Ready to Research
 Each student is responsible for researching one of the following nine energy sources: coal, oil, natural gas, 

nuclear, bioenergy, hydrogen powered fuel cells, geothermal, hydropower, and solar.

 Teacher Note:
This list does not include wind. Instead, the teacher can introduce wind energy as a transition to the next 
sections in this curriculum. If several students are assigned to the same energy source, they can be grouped in 
research teams. Each team is responsible for researching a specifi c energy source and reporting what it fi nds 
to the class.

3. Study Your Sources
 When the research teams are organized, begin the energy source study. A report 

of the energy source should include:
  
  • Description of energy source.
  • Is it a renewable or non-renewable fuel source?
  • How is it produced?
  • Where is it produced?
  • Where is it used?
  • What are its benefi ts and limitations?

 Students can obtain information in several ways. The Energy 
Source Information Pages, found in this section, have 
information that students can use in their research. Students 
can use the school library, interact with the local power 
company, and use the Web to gather information on their 
assigned energy source.

 When students use a variety of sources they need to be aware 
of biases in reporting. Does the source have a hidden agenda? 
Students need to assess the information they collect based on the 
allegiance of the source. Many sources have a bias in their writing, 
as it is diffi cult to keep it out. Ask students to identify any source 
biases and explain why they think the biases exist.  
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4.  Show What You Know 
 Once students have completed their research on a topic they present their fi ndings to the rest of the class in 

an interesting manner. This could include graphs, diagrams, pictures or a dramatic presentation like a news 
report. Let the creativity fl ow! 

5.  Review the Information 
 After information is presented, students create a list of benefi ts and limitations for each energy source. 

This activity can be accomplished in a group or each student can create his or her own list of benefi ts and 
limitations. 

6.  Back to the Journal 
 Have students go back into their journals and compare their new knowledge to what they knew before. Is 

there a difference? Students should update their journal with any new information.

Further Questions
 How long can non-renewable fuels last? What are options to supply our future energy needs?

 There are many theories that answer these questions. Teachers can explore  several topics with these 
questions, such as scientifi c methods used to  determine fuel supply, biases in reporting data, and the 
defi nition of a theory.

Web Site References

 Energy Information Administration     http://www.eia.doe.gov

 American Coal Foundation     http://www.acf-coal.org

 American Petroleum Institute     http://www.api.org

 American Nuclear Society      http://www.ans.org

 Bioenergy Information Network     http://www.bioenergy.ornl.gov

 Fuel Cells        http://www.fuelcellpark.com

 Geothermal Education Offi ce     http://geothermal.marin.org

 National Hydropower Association     http://hydro.org

 Solar Energy Research and Education Foundation  http://www.solstice.crest.org

 American Wind Energy Association    http://www.awea.org
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Coal is created from organic matter that is compressed into an almost solid carbon mass. It contains 
small amounts of water, nitrogen, and sulfur. There are three grades of coal: anthracite, bituminous and 
lignite. These grades are based on the carbon, water and sulfur content and the amount of heat that is 
produced when the coal is burned. Anthracite is the highest grade because it has high carbon content, 
low water and sulfur content and the highest heat output of the three grades. Lignite is the lowest grade 
of coal.

In a power plant, the burning coal boils water which then produces steam. The steam makes a turbine 
spin and the turbine spins the generator to produce electricity. Carbon dioxide, sulfur dioxide and 
nitrogen oxides are byproducts of burning coal and are components of air pollution. A coal fi red 
generating plant should be located near a source of water because water is used in the cooling process. 
It should be located near a rail line or a shipping port to receive the coal.

The U.S. Department of Energy reports that the U.S. uses coal for 52% of its net generation of 3.79 
trillion kilowatt hours. The U.S. has 24% of the world’s total coal reserves.

Check out these web sites for more information:

 Energy Information Administration   http://www.eia.doe.gov

 American Coal Foundation     http://www.acf-coal.org 

Energy Source Information Card

Coal
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Energy Source Information Card

Oil
Oil is a mix of hydrocarbons and other compounds. The liquid fuel “crude oil” is found in underground 
deposits. The deposits originated as buried plants and animals and the formation of crude oil took place 
over millions of years. When an oil deposit is found, wells are drilled to bring the oil to the surface. It is 
then brought to a refi nery and changed into a commercial product. These products include gasoline, 
heating oil, diesel oil, jet fuel and asphalt. Petrochemicals also come from oil and are used to produce 
plastic, fertilizers, paints, and synthetic fi bers such as nylon.

An oil reserve is an underground deposit that can be profi tably extracted, given the present selling price 
and the technology available for the process. Two-thirds of the world’s proven reserves are found in fi ve 
countries in the Middle East. The United States uses 26% of all the oil extracted per year. Oil provides 
3% of the total 3.79 trillion kilowatt-hours of electricity generated in the U.S. each year. The U.S. 
Department of Energy estimates that there are 77 years of recoverable oil reserves world wide at current 
production levels while other sources say there is less than 20 years in reserve.

Check out these web sites for more information:

 Energy Information Administration   http://www.eia.doe.gov

 American Petroleum Institute   http://www.api.org
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NATURAL GAS
Natural gas is composed of methane (up to 90% of the total composition), propane, and butane gases. 
It is found underground, either in deposits above oil or in a deposit by itself in bedrock. Natural gas was 
formed hundreds of millions of years ago and it continues to be formed today, but at a much slower rate 
than the consumption rate. Natural gas is harvested through drilling processes and transported through 
pipelines. The propane and butane are separated from methane gas and used for heating and cooking. 
Methane gas is used for generating electricity and heating homes. It is used as fuel for vehicles and as a 
base for plastic products.

Reserves of natural gas are found in the United States, Russia, Canada, Africa and the Middle East. 
The United States is second to Russia in natural gas extraction. There are onshore wells in 32 states 
in the U.S. and offshore wells in the Gulf of Mexico. The U.S. Department of Energy estimates there 
are 60 years of recoverable natural gas resources in the United States at the current price and rate of 
production. The U.S. imports natural gas from Canada. In 2001, natural gas made up 16% of the total 
3.79 trillion kilowatt-hours of electricity that is generated in the U.S. each year. Electric plants consumed 
13% of the total natural gas produced and residential uses consumed 22%.

An electricity plant which uses natural gas as its energy source must be located near a water source 
because water is used in the cooling process. Natural gas doesn’t need to be processed like coal and 
oil. It does, however, emit carbon dioxide when burned.

Check out these web sites for more information:

 Energy Information Administration    http://www.eia.doe.gov

 American Petroleum Institute     http://www.api.org
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NUCLEAR
Nuclear energy is released as a byproduct of nuclear fi ssion (fi ssion splits atoms). To release nuclear 
energy, an atom of uranium or plutonium is split which frees one or more neutrons. The freed neutrons 
strike other atoms with such force that they too release neutrons and start a chain reaction that produces 
heat. This nuclear reaction converts nuclear energy into thermal and radiant energy. Nuclear reactors 
control the chain reaction so heat is released at a controlled rate. Heat inside a nuclear reactor is moved 
to a steam generator. There it boils water, which produces steam, which makes a turbine spin, which 
generates electricity. Compared with other fuel sources, a nuclear reaction produces a large amount of 
electricity with a small amount of fuel.

The U.S. Department of Energy reports that nuclear power comprises 20% of the total net generation of 
the U.S. electricity (total net generation is 3.79 trillion kilowatt-hours, 2001) with 104 operating plants in 
the U.S.

This type of fuel production does not produce carbon dioxide. The byproduct of nuclear energy is 
radioactive waste. The waste is a human health hazard if it is not stored properly and has a long life 
span before it degrades into less harmful materials. Low-level radioactive waste, such as contaminated 
clothing and equipment will break down into safer substances in 100 - 500 years. High level radioactive 
waste produced from spent uranium rods is predicted to remain harmful for 200,000 years. Better 
storage methods and storage devices are being developed.

The reactors need water to cool their parts and the hot water is sometimes deposited into nearby 
streams or lakes, which is a form of aquatic pollution. Using holding ponds that cool the hot water is a 
solution to this problem.

Check out these web sites for more information:

 Energy Information Administration    http://www.eia.doe.gov

 American Nuclear Society     http://www.ans.org
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Bioenergy
Bioenergy refers to biomass, energy produced from plants, and biogas, energy produced from animal 
wastes.

The radiant energy of the sun is transformed into chemical energy by photosynthesis and stored in 
plants. The plants are burned to produce fuel. This fuel is biomass and has been used to produce energy 
and warmth throughout history. Most biomass fuels are byproducts of the agriculture and forest products 
industries. Examples include ethanol (fermented grains, primarily corn), corn stalks and cobs collected 
from farm processing and sawdust. Organic garbage is also a biomass fuel. Researchers and farmers 
are looking into biomass production sites where a crop would be grown specifi cally for biomass fuel. 
These crops could be switchgrass or aspen trees. An energy plant that uses biomass should be located 
near a water source because water is used in the cooling process.

Another type of bioenergy is biogas. Biogas is methane gas produced from animal wastes. The gas is 
collected in an anaerobic digester which converts the energy in the fuel to electricity. It is sometimes 
collected from landfi lls.

Bioenergy is an inexpensive fuel option and the supplies are available almost everywhere. Depending 
upon the fuel source, bioenergy can be clean-burning (ethanol) or may emit carbon dioxide. Because 
it contains less energy per pound than fossil fuels, a large quantity of materials is needed for energy 
production. If the collection process isn’t managed properly it can lead to detrimental effects on the land, 
like soil erosion. Also, biomass removes essential nutrients from the natural system by taking plants out 
of the decomposition cycle.

Check out these web sites for more information:

 Energy Information Administration   http://www.eia.doe.gov

 Bioenergy Information Network    http://www.bioenergy.ornl.gov Bioenergy Information Network    http://www.bioenergy.ornl.gov Bioenergy Information Network
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Fuel Cells & 
Hydrogen
Fuel cells are different energy conversion devices because they use a chemical reaction instead of 
combustion. A fuel cell uses hydrogen in a gas form and oxygen from the air around it. The hydrogen 
is extracted from organic compounds and water, through the process of electrolysis, using a primary 
energy source to run the electrolysis process. Once the fuel has been extracted, fuel cells do not 
produce pollution-causing byproducts when producing energy.

Like a battery, a fuel cell uses an anode, cathode and electrolyte to create the electron fl ow. The fuel cell 
is composed of three layers: anode, electrolyte and cathode. When a hydrogen molecule passes through 
these layers it meets a proton exchange membrane. The membrane conducts protons but not electrons 
and this breaks the molecule into protons and electrons. The protons travel through the membrane while 
the electrons travel through the anode to the cathode creating an electric current. The byproducts of 
this process are water, heat, and electricity. Several cells are used together to get the required voltage to 
produce electricity.

The use of fuel cells for electricity production is relatively new and is currently an expensive option. Fuel 
cells are currently used in several applications, including space travel and submarines. They can fuel 
more common vehicles as well, such as cars and buses, and can power everyday devices like laptops 
and mobile phones.

Check out these web sites for more information:

Energy Information Administration    http://www.eia.doe.gov

Fuel Cells       http://www.fuelcellpark.com
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Geothermal
Geothermal energy (which means heat from the earth) is naturally produced underground. Geothermal 
power begins when rainwater seeps through the earth’s fault lines. The water is warmed by heat that is 
generated through radioactive decay processes. The result is a reservoir that holds a mix of steam and 
water. Examples of these large reservoirs are found in Yellowstone National Park, taking form as geysers 
like Old Faithful. For a utility to utilize this underground power the hot water or steam is collected from 
the reservoir and directed to turbines. The turbines turn and generate electricity. The used water is put 
back underground where it can be recollected; this action extends the life of the reservoir.

Geothermal power is used to meet large-scale needs like electricity production. Geothermal plants in 
the western U.S. and Hawaii produce 0.3% of the nation’s electricity which is enough energy to power a 
million homes. Geothermal power is used in Italy to power a railway.

Heating and cooling of homes can be accomplished with a small-scale geothermal system, known as 
a “ground source heat pump”. A ground source heat pump system moves fl uid through underground 
pipes. Heat from the earth is transferred to the fl uid and is used to heat a home and provide hot water. 
This can be done almost anywhere in the U.S., as a reservoir of steam isn’t required. The technology is 
advancing to make this more affordable for homeowners.

This fuel source has a high cost due to the drilling equipment that is needed. Geothermal power plants 
release small amounts of harmful substances into the atmosphere.

Check out these web sites for more information:

 Energy Information Administration   http://www.eia.doe.gov

 Geothermal Education Offi ce   http://geothermal.marin.org  
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Hydropower
Hydropower captures the kinetic energy of moving water and changes it to electricity. To use 
hydropower, water is dammed in a river to create a “head” (elevation difference in the water) and 
released through a turbine. As the turbine spins a generator, the energy is converted from mechanical 
energy into electric energy. The water is then returned to the river system.

A hydropower plant must be located on a river or downstream from a valley that can be fl ooded. There 
are different methods of capturing the power of water. The diversion method channels part of a river 
through a hydropower plant. Another method of capturing hydropower is impoundment, which is the 
act of damming rivers. Hydroelectric plants are installed on 2% of the existing dams in the U.S. Creating 
dams can cause changes in a river system ecosystem. The backed up water can alter the habitat of fi sh, 
other wildlife and plants. Natural waterfalls can also be used, like Niagara Falls that generates power for 
Canada and the U.S.

Hydropower can be stored by pumping water from a low reservoir to a high reservoir. However, this often 
creates a negative gain of electricity (takes more electricity to pump the water than you can make with 
the generator) and is usually done to meet peak demand times when other generation facilities cannot 
meet the demand.

The power of fl owing water has been used throughout history to grind grain and move pumps. Today, 
hydropower provides 7% of the total 3.79 trillion kilowatt-hours of electricity that is generated in the U.S. 
each year. This is enough energy to power almost 28 million homes. Out of all the renewable fuels used 
in the U.S hydropower provides 46% of the total renewable energy consumed. Worldwide, hydropower 
generates about 20% of the electricity demand. The amount of electricity produced by hydropower is 
dependent upon the distance the water drops and its rate of fl ow.

Check out these web sites for more information:

 Energy Information Administration   http://www.eia.doe.gov

 National Hydropower Association    http://hydro.org 
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Solar
The radiant energy from the sun, solar energy, provides the world with direct and indirect power. Almost 
all energy sources can be traced back to the sun’s energy: it is stored in fossil fuels and biomass, it 
powers the water cycle and therefore hydropower, and it creates wind. Using direct solar energy requires 
capturing sunlight.

There are two ways to capture solar radiation. The fi rst method is solar thermal, which uses the sun to 
heat buildings and heat water. Designing a house with south facing windows and general solar collection 
considerations called "Passive Solar Design" can utilize solar radiation and reduce the need for other 
heating fuels. Another aptly named solar thermal conversion device is a solar collector. This device 
directly heats water or air.

The second method of collecting the sun’s energy uses photovoltaics (PV), also known as solar cells. 
Inside the cell, silicon reacts to the sun by releasing electrons and this change produces electricity. Many 
calculators use photovoltaics as an auxiliary power source. While electricity produced with photovoltaics 
is more expensive than other energies, the manufacturing costs are decreasing as the effi ciencies are 
increasing. A photovoltaic system can operate on cloudy days but produces less than on clear days.  

Solar energy is available everywhere. Even the poorest area for solar radiation produces half of the 
electricity of the best site on our planet, and both sites can produce enough electricity to fulfi ll the needs 
of a household. Solar energy is abundant but not available all the time. An area’s solar resources are 
affected by time of day, season, and location. Solar energy that is actively collected and converted to 
electricity makes up a small part of U.S. total energy consumption (0.5%). While solar power’s potential 
is vast it isn’t yet economical to produce electricity on a large scale.

Check out these web sites for more information:

Energy Information Administration      http://www.eia.doe.gov

Solar Energy Research and Education Foundation  http://www.solstice.crest.org  
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Wind
Wind blows because the sun heats the earth unequally, creating large warm and cool air masses. These 
air masses move as the cool air rushes in to replace the warm air and we call this movement wind. 
Kinetic energy in the wind is converted to electricity by wind turbines. The wind turns the turbine blades, 
which spin a shaft that is connected to a generator. The spinning generator makes electricity. One 
turbine may produce 4,500,000 kWh of electricity per year, which is enough to power 500 homes. While 
the U.S. produces 18% of the world’s wind power, wind currently produces less than 1% of the total 
electricity demand.

There are many areas in the U.S. that are suitable for wind energy development. The wind energy 
industry experienced a 36% growth in 1999. Large scale wind power plants, called wind farms, are 
found in California, Texas, Minnesota, Iowa, and Colorado as well as in other countries.

A wind farm requires wind and space. Most wind turbines need sustained winds of at least 5m/s (2 mph) 
to operate effi ciently. Hundreds of acres of land are required for a large wind farm but the land can also 
be used for grazing livestock or growing crops.

Wind power can be used with other power sources to compensate for the times when the wind does not 
blow. Wind energy does not directly produce water or air pollution. However, the cost and transmission 
of the electricity limit its use. Noise and harm to wildlife are also potential problems.

Check out these web sites for more information:

Energy Information Administration   http://www.eia.doe.gov

American Wind Energy Association   http://www.awea.org
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Section 4

Winds of Change
OVERVIEW

People have harnessed the power of the wind since 
the seventh century. Different societies used wind 
in many different ways, and wind machine designs 
have progressed through the ages. Today’s turbines 
are based on the same principles as turbines of 
long ago. This section traces the progression of 
harnessing the wind and looks to the future of wind 
energy.

OBJECTIVES

1. Students learn how wind is created. 
2. Students examine windmills in classic literature. 
3. Students explore developments in windmill design 

and function from 750 A.D. to the present. 
4. Students consider wind energy’s role in future 

energy production. 

VOCABULARY LIST

Vertical axis wind machine
Miller/millwright
Up-wind
Horizontal axis windmills

Post mill
Smock mill
Tower mill
Fantail

SUGGESTED MATERIALS

OUTLINE

1. Energy in the Wind
 – Background Information
 – Student Activities: Making Wind, Winds  

 Around the World, The Wind in Culture,  
 "Harness the Wind" video

2. Historic Uses of Wind Energy
 – Background Information
 – Student Activity: Synthesis of Wind’s  

 History

3. Recent Wind Power Developments in the  
United States

 – Background Information
 – Case Study: Minnesota Wind Farm  

 Developments
 – Student Activity: Wind Power in Your  

 State

4. Future Wind Energy Initiatives
 – Student Activity: Concept Mapping of  

 Wind Energy’s Future

Section References

Appendix 1: Historic Time Line of Wind   
       Machines

aquarium
heat lamp
bowl of ice
plastic wrap
Time Line of Wind Machines (Appendix 1 of this section)  

incense stick
Video: "Harness the Wind" (see References)
Book: Don Quixote of the Mancha
Pictures of historic windmills

4
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1. ENERGY IN THE WIND

As long as the sun shines, the wind will blow. Approximately 2% 
of the sun’s energy is converted to wind through heating and 
cooling processes. When the sun shines on the earth, warm air 
rises from the equator and cool air sinks from the poles. These 
moving air masses fl ow as wind. Air masses over the ocean heat 
up and cool off more slowly than the surrounding air masses. 
The difference in temperature between the ocean’s large surface 
and the adjacent large air masses create strong air movements 
and, consequently, stronger winds blow at sea than over land.

Discovery Activities

Supplies:
bowl of ice, heat lamp, aquarium, incense stick, 
plastic wrap

Process:
Set up an aquarium with a heat lamp clamped 
to one end and a bowl of ice at the other end. 

Cover the aquarium with plastic wrap. Light a stick of incense 
(or something else that will produce a lot of smoke) and allow 
it to burn for a few seconds. Poke the incense through the 
plastic and observe what happens to the smoke. The smoke 
demonstrates rising warm air and sinking cool air.

If the demonstration is not working, check the heat and cold 
sources. This demonstration requires an extremely hot heat 
source and an extremely cold bowl of ice (adding salt will make 
it colder).

Winds around the World
Students complete further earth science research questions, 

such as:

 • What is the Coriolis effect and what causes wind shifts?
 • What are the wind patterns of the world?
 • Where does the wind blow the strongest?
 • Where does the wind blow the strongest in North America?

Making Wind

��������
��������
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The Wind in Culture
Students read a story that explains how wind is created. An example is the story “Gluscabi and the Wind Eagle” 
from Keepers of the Earth, edited by Michael J. Caduto.  Have students looks for examples of the wind in 
popular culture, such as songs, movies or TV commercials.

"Harness the Wind" video
A great introduction to the history of wind turbines is a video called “Harness the Wind,” produced by the 
National Film Board of Canada. It uses animation to describe historic, current and future uses of the wind. Play 
the video for the students and discuss the following questions with the class. (The video “Harness the Wind” 
discussed in this section can be rented through Bullfrog Films. The address for Bullfrog Films can be found in the 
reference section of this chapter.)

a.  Explain the statement: “As long as the sun shines, the wind will be available.”

 The beginning of the video explained that wind power is solar power. When the sun shines on the earth it 
creates areas of uneven heat. Warm air rises and cold air moves in to replace it. This movement of air, caused 
by uneven heating, creates the winds. Therefore, as long as the sun creates temperature differences on the 
earth, wind is produced.

b.  What was the purpose of the fi rst wind machines? What uses were later developed?

 According to the video, the fi rst wind machines were used in Persia to grind wheat into fl our. The video shows 
a series of animated segments where wind machines turn wheels, carry and drop water buckets, turn cranks, 
move saws, and move bellows for a fi re.

c.  Compare the horizontal shaft wind machine and its effi ciency to the vertical shaft.

 The horizontal shaft is more effi cient because the wind presses on the sail area the whole time the wind 
blows. However, the sails must face into the wind. The vertical shaft rotor isn’t dependent on facing the wind 
to be able to work.

d. Describe the relationship between power and diameter of a turbine.

 A small increase in area results in a large increase of power. Power increases by the square of the diameter. 
The video shows images of bigger and bigger turbines and explains the power output (3.5 meter diameter 
produces 2 kW of power, a 10 meter diameter produces 10 kW, and a 38 meter diameter produces 100 kW of 
power).

e. Discuss the vertical axis wind turbine.

 Currently, there are few vertical axis turbines producing electricity. Canadians have been working on the 
design of these turbines and are still working to increase their effi ciency to make them competitive to 
horizontal axis wind turbines. In this video, we saw them being used extensively. In reality, their use worldwide 
is very limited and it should not be assumed that they are used as in the video. 
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2. HISTORIC USES OF WIND ENERGY

Prepare to discuss the historic uses of wind energy by 
distributing copies of the Time Line of Wind Machines 
(Appendix 1 of this section) to the students. Give 
them a few minutes to read the information listed 
on the table. During this session, students will learn 
about windmill development and how humans have 
devised some very unique uses for wind energy. devised some very unique uses for wind energy. 
This information provides a solid background for 
understanding modern wind turbine design and sheds 
some light on human attitudes towards wind power.

 Teacher Note: Teacher Note:
 A good reference for historic windmill pictures is  A good reference for historic windmill pictures is  A good reference for historic windmill pictures is 

Gretchen Woelfl e’s book, Gretchen Woelfl e’s book, The Wind at Work, printed 
by the Chicago Review Press in 1997.by the Chicago Review Press in 1997.

Let’s take a look at the time line and begin to paint a Let’s take a look at the time line and begin to paint a Let’s take a look at the time line and begin to paint a 
picture of windmill evolution. As you can see, the wind picture of windmill evolution. As you can see, the wind picture of windmill evolution. As you can see, the wind 
has been an integral part of human history and used has been an integral part of human history and used has been an integral part of human history and used 
for many different purposes since the seventh century.for many different purposes since the seventh century.for many different purposes since the seventh century.

The people of Sri Lanka used the wind to smelt ores The people of Sri Lanka used the wind to smelt ores The people of Sri Lanka used the wind to smelt ores 
into useable metals as early as 750  A.D. This was not into useable metals as early as 750  A.D. This was not into useable metals as early as 750  A.D. This was not 
done with the aid of a wind machine. Instead, they dug done with the aid of a wind machine. Instead, they dug done with the aid of a wind machine. Instead, they dug 
pits in the side of a mountain and channeled the wind pits in the side of a mountain and channeled the wind pits in the side of a mountain and channeled the wind 
into these pits, which increased the fi re’s heat. This is into these pits, which increased the fi re’s heat. This is into these pits, which increased the fi re’s heat. This is 
the fi rst recorded evidence of humans using the wind the fi rst recorded evidence of humans using the wind the fi rst recorded evidence of humans using the wind 
to do a specifi c job.to do a specifi c job.to do a specifi c job.

As societies developed, other tools were created to As societies developed, other tools were created to As societies developed, other tools were created to 
aid in their work. In the 1950s, the people of Persia aid in their work. In the 1950s, the people of Persia aid in their work. In the 1950s, the people of Persia 
developed the fi rst true wind machine. This vertical developed the fi rst true wind machine. This vertical developed the fi rst true wind machine. This vertical 
axis wind machine used the power of the wind to grind axis wind machine used the power of the wind to grind axis wind machine used the power of the wind to grind 
grains by spinning grinding stones, which eased the grains by spinning grinding stones, which eased the grains by spinning grinding stones, which eased the 
miller’s workload. Some wind machines were also miller’s workload. Some wind machines were also miller’s workload. Some wind machines were also 
used to move water into holding ponds that were then used to move water into holding ponds that were then used to move water into holding ponds that were then 
used to irrigate fi elds.used to irrigate fi elds.used to irrigate fi elds.

Over time, creative people developed ways to make Over time, creative people developed ways to make Over time, creative people developed ways to make 
wind machines more effi cient. Wind was channeled wind machines more effi cient. Wind was channeled wind machines more effi cient. Wind was channeled 
into a confi ned space to increase the shaft’s rotation into a confi ned space to increase the shaft’s rotation into a confi ned space to increase the shaft’s rotation 
speed. People also experimented with the blade speed. People also experimented with the blade speed. People also experimented with the blade 
design to see if it could be made more effi cient. For design to see if it could be made more effi cient. For design to see if it could be made more effi cient. For 
example, hinging the blades so they traveled up-wind example, hinging the blades so they traveled up-wind example, hinging the blades so they traveled up-wind 
at a perpendicular angle solved the problem of too at a perpendicular angle solved the problem of too at a perpendicular angle solved the problem of too 
much drag on the blades.much drag on the blades.much drag on the blades.

The fi rst horizontal axis windmill was developed in the The fi rst horizontal axis windmill was developed in the 
1200s. This windmill, called the Post Mill, was set on 
top of a post that was either sunk into the ground or 
placed on top of a building or other solid foundation. 
When the wind direction changed the blades had to be 
moved to face the wind. The people working at the mill 
were responsible for adjusting the windmill’s direction 

by manually moving the entire system. These mills 
had to be perfectly engineered to allow for this while 
still keeping the entire structure level. The Post Mill 
was mainly used for grinding grain and occasionally 
pumping water.

By the 1300s, the millwrights made a signifi cant design By the 1300s, the millwrights made a signifi cant design 
improvement. They built windmills that only required improvement. They built windmills that only required 
the top of the mill be turned to adjust the blades into the top of the mill be turned to adjust the blades into the top of the mill be turned to adjust the blades into 
the wind. This allowed the mills to be larger, because it the wind. This allowed the mills to be larger, because it the wind. This allowed the mills to be larger, because it 
took less muscle to physically move the blades. They took less muscle to physically move the blades. They took less muscle to physically move the blades. They 
were said to look similar to the shirts or “smocks” that were said to look similar to the shirts or “smocks” that were said to look similar to the shirts or “smocks” that 
the farmers wore, so they were called Smock Mills.the farmers wore, so they were called Smock Mills.the farmers wore, so they were called Smock Mills.

Tower Mills showcased the next great improvement in Tower Mills showcased the next great improvement in Tower Mills showcased the next great improvement in 
windmill design. They had blades made of cloth, like windmill design. They had blades made of cloth, like windmill design. They had blades made of cloth, like 
the sail on a boat, which could be adjusted to take the sail on a boat, which could be adjusted to take the sail on a boat, which could be adjusted to take 
advantage of the wind’s speed. High wind speeds advantage of the wind’s speed. High wind speeds advantage of the wind’s speed. High wind speeds 
meant the sail area was decreased to keep the blades meant the sail area was decreased to keep the blades meant the sail area was decreased to keep the blades 
from breaking apart. The sail area was increased from breaking apart. The sail area was increased from breaking apart. The sail area was increased 
during low wind speeds. The ability to operate in lower during low wind speeds. The ability to operate in lower during low wind speeds. The ability to operate in lower 
wind speeds was this windmill’s main advantage.wind speeds was this windmill’s main advantage.wind speeds was this windmill’s main advantage.

 Teacher Note:
 This would be a good time to introduce the colorful  This would be a good time to introduce the colorful  This would be a good time to introduce the colorful 

character of classical literature, Don Quixote character of classical literature, Don Quixote 
(pronounces Key-ho-tey). Don Quixote of the (pronounces Key-ho-tey). Don Quixote of the 
Mancha by Miguel de Cervantes is set in the 1500s, Mancha by Miguel de Cervantes is set in the 1500s, Mancha by Miguel de Cervantes is set in the 1500s, 
somewhere in Spain. Don Quixote is a gallant somewhere in Spain. Don Quixote is a gallant 
knight (or knight want-to-be) who is riding the knight (or knight want-to-be) who is riding the 
countryside trying to rid the country of evildoers countryside trying to rid the country of evildoers 
and win the hand of the beautiful princess. He rode and win the hand of the beautiful princess. He rode and win the hand of the beautiful princess. He rode 
his trusty steed across the fi elds of Spain with his his trusty steed across the fi elds of Spain with his 
compadre Sancho Panza. In Chapter VIII, Quixote compadre Sancho Panza. In Chapter VIII, Quixote 
has a “Dreadful and Never-Imagined Adventure has a “Dreadful and Never-Imagined Adventure 
of the Windmills” which paints a vivid picture of 
the windmill dotted landscape.  Invite students to the windmill dotted landscape.  Invite students to 
read the book (or just this chapter) and then give a read the book (or just this chapter) and then give a 
dramatic reading for the class.

During this period of history, windmills were used for During this period of history, windmills were used for 
simple jobs that provided valuable services to human simple jobs that provided valuable services to human simple jobs that provided valuable services to human 
societies. One of the most important early uses was societies. One of the most important early uses was societies. One of the most important early uses was 
pumping water to irrigate fi elds and keep water out of pumping water to irrigate fi elds and keep water out of pumping water to irrigate fi elds and keep water out of 
fl ooded areas. In the 1600s, dikes in the Netherlands fl ooded areas. In the 1600s, dikes in the Netherlands 
were lined with windmills to keep the water on the were lined with windmills to keep the water on the 
correct side of the dike. Of the historic windmills, the 
Dutch windmills are the most famous, and Holland is 
informally known as the country with all the windmills.  informally known as the country with all the windmills.  
The Dutch constructed the fi rst windmills in the 
United States in 1626. They were constructed on an 
island owned by Dutch merchants and called New 
Amsterdam; today we call that place Manhattan.
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The Dutch built several windmills along the Hudson The Dutch built several windmills along the Hudson The Dutch built several windmills along the Hudson 
River to power their businesses. Sawmills, fl ourmills River to power their businesses. Sawmills, fl ourmills River to power their businesses. Sawmills, fl ourmills 
and other businesses relied on the power of the wind and other businesses relied on the power of the wind and other businesses relied on the power of the wind 
to produce their products for a growing economy.to produce their products for a growing economy.to produce their products for a growing economy.

In 1745, English inventor Edmund Lee changed the In 1745, English inventor Edmund Lee changed the In 1745, English inventor Edmund Lee changed the 
basic design of the windmill by adding a fantail. The basic design of the windmill by adding a fantail. The basic design of the windmill by adding a fantail. The 
fantail moved the blades automatically as the wind fantail moved the blades automatically as the wind fantail moved the blades automatically as the wind 
changed direction. This simplifi ed the life of the miller, changed direction. This simplifi ed the life of the miller, changed direction. This simplifi ed the life of the miller, 
as he wouldn’t need to run outside and adjust the as he wouldn’t need to run outside and adjust the as he wouldn’t need to run outside and adjust the 
position of the blades when the wind changed. The position of the blades when the wind changed. The position of the blades when the wind changed. The 
windmill was made more effi cient once again.windmill was made more effi cient once again.windmill was made more effi cient once again.

In 1759, John Smeaton of England discovered that In 1759, John Smeaton of England discovered that In 1759, John Smeaton of England discovered that 
the angle of the blade could be adjusted to provide the angle of the blade could be adjusted to provide the angle of the blade could be adjusted to provide 
still more power to the windmill. Other inventors still more power to the windmill. Other inventors still more power to the windmill. Other inventors 
kept tinkering with blade designs and each new kept tinkering with blade designs and each new kept tinkering with blade designs and each new 
improvement brought small advances in effi ciency.improvement brought small advances in effi ciency.improvement brought small advances in effi ciency.

Windmill sizes were also changing. Some were large Windmill sizes were also changing. Some were large Windmill sizes were also changing. Some were large 
to accomplish big jobs, and others were scaled to accomplish big jobs, and others were scaled to accomplish big jobs, and others were scaled 
down in size for smaller jobs. In the 1850s, portable down in size for smaller jobs. In the 1850s, portable down in size for smaller jobs. In the 1850s, portable 
windmills were developed. They were on open towers windmills were developed. They were on open towers windmills were developed. They were on open towers 
with multiple wooden blades that could be assembled with multiple wooden blades that could be assembled with multiple wooden blades that could be assembled 
on site at distant locations. This new windmill on site at distant locations. This new windmill on site at distant locations. This new windmill 
became popular in the American West, as it could became popular in the American West, as it could became popular in the American West, as it could 
be assembled anywhere and provided the power to be assembled anywhere and provided the power to be assembled anywhere and provided the power to 
accomplish a variety of tasks: pumping water, grinding accomplish a variety of tasks: pumping water, grinding accomplish a variety of tasks: pumping water, grinding 
grain, shelling corn and even cutting wood into boards.grain, shelling corn and even cutting wood into boards.

In 1892, Danish inventor Poul LaCour used a windmill In 1892, Danish inventor Poul LaCour used a windmill 
to generate electricity. He used the old style Dutch to generate electricity. He used the old style Dutch 
windmill to accomplish this feat. Within fi ve years he windmill to accomplish this feat. Within fi ve years he 
had established the Danish Wind Electricity Company had established the Danish Wind Electricity Company had established the Danish Wind Electricity Company 
and had over 72 wind-powered generators providing and had over 72 wind-powered generators providing and had over 72 wind-powered generators providing 
electricity to farms and villages.electricity to farms and villages.

In 1937, an ambitious inventor named Marcellus 
Jacobs opened a factory in Minneapolis, Minnesota, 
called the Jacobs Wind Electric Company. A Jacobs 

wind generator had three blades and could produce 
400 - 500 kilowatt-hours of electricity per month in a 
windy location. They were commonly used in remote windy location. They were commonly used in remote 
locations to power devices like radios and power tools, locations to power devices like radios and power tools, locations to power devices like radios and power tools, 
and to run lights in the barn or house. Jacobs sold and to run lights in the barn or house. Jacobs sold and to run lights in the barn or house. Jacobs sold 
tens of thousands of these wind generators to clients tens of thousands of these wind generators to clients tens of thousands of these wind generators to clients 
all over the world. This mass-marketed invention all over the world. This mass-marketed invention 
opened rural areas for living by making life easier for opened rural areas for living by making life easier for 
remote landowners.

In 1941, a man named Palmer Putnam wanted to fi nd a In 1941, a man named Palmer Putnam wanted to fi nd a In 1941, a man named Palmer Putnam wanted to fi nd a 
cheaper way of generating electricity on a large scale. cheaper way of generating electricity on a large scale. cheaper way of generating electricity on a large scale. 
He was intrigued with wind power because of wind’s He was intrigued with wind power because of wind’s He was intrigued with wind power because of wind’s 
availability and the cost of harnessing it. So Putnam availability and the cost of harnessing it. So Putnam availability and the cost of harnessing it. So Putnam 
put together a team of experts and built the Smith-put together a team of experts and built the Smith-
Putnam turbine near Rutland, Vermont. It was a 250-Putnam turbine near Rutland, Vermont. It was a 250-Putnam turbine near Rutland, Vermont. It was a 250-
ton turbine sitting atop a 33 meter (110 foot) tower. ton turbine sitting atop a 33 meter (110 foot) tower. ton turbine sitting atop a 33 meter (110 foot) tower. 
The blade diameter was 53 meters (175 feet) across. The blade diameter was 53 meters (175 feet) across. The blade diameter was 53 meters (175 feet) across. 
It ran well for 18 months and generated power for It ran well for 18 months and generated power for It ran well for 18 months and generated power for 
the electric utility grid. Then, a bearing failed and the the electric utility grid. Then, a bearing failed and the the electric utility grid. Then, a bearing failed and the 
turbine was shut down for two years, until World War II turbine was shut down for two years, until World War II turbine was shut down for two years, until World War II 
ended. During that time wind vibrations caused small ended. During that time wind vibrations caused small ended. During that time wind vibrations caused small 
hairline cracks in the blades. The engineers knew the hairline cracks in the blades. The engineers knew the hairline cracks in the blades. The engineers knew the 
blades needed to be repaired but started the turbine blades needed to be repaired but started the turbine blades needed to be repaired but started the turbine 
again anyway. Three weeks later one of the giant again anyway. Three weeks later one of the giant again anyway. Three weeks later one of the giant 
blades broke off and crashed to the ground. Putnam blades broke off and crashed to the ground. Putnam blades broke off and crashed to the ground. Putnam 
could not raise enough money to repair the blades. could not raise enough money to repair the blades. could not raise enough money to repair the blades. 
In addition, there was a decrease in the demand for In addition, there was a decrease in the demand for In addition, there was a decrease in the demand for 
windmills. The U.S. government wanted nuclear power windmills. The U.S. government wanted nuclear power windmills. The U.S. government wanted nuclear power 
plants and coal was cheap and reliable, so the fi rst plants and coal was cheap and reliable, so the fi rst plants and coal was cheap and reliable, so the fi rst 
generation of wind power plants ended after only four generation of wind power plants ended after only four generation of wind power plants ended after only four 
short years. By the 1950s most American windmill short years. By the 1950s most American windmill short years. By the 1950s most American windmill 
companies went out of business.

The winds of change blew in again during the 1970s The winds of change blew in again during the 1970s The winds of change blew in again during the 1970s 
energy crisis, providing a needed boost to the wind energy crisis, providing a needed boost to the wind energy crisis, providing a needed boost to the wind 
industry. Once again, interest in fi nding reliable ways to industry. Once again, interest in fi nding reliable ways to industry. Once again, interest in fi nding reliable ways to 
create energy using renewable sources grew and the create energy using renewable sources grew and the create energy using renewable sources grew and the 
next 20 years saw changes in the wind industry.next 20 years saw changes in the wind industry.next 20 years saw changes in the wind industry.

Student Activity
The information about historic windmills can be used in the classroom in several ways, including:

 • students create a mural depicting windmill design changes over time; 
 • students research a specifi c place and time period to understand how the windmill fi t into that   
    society; 
 • students read Don Quixote of the Mancha by Miguel de Cervantes, or read and act out the   
    play Man of La Mancha. 

Let them be creative and weave the worlds of history, sociology and science together. 

��������
��������
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3. RECENT WIND POWER DEVELOPMENTS IN THE UNITED STATES

There are many factors that make wind energy an attractive option for energy producers in the United States. 
They include the rising cost of fossil fuels, the advancement of wind technologies, the distributed generation 
capabilities, and a rising concern for the environmental impacts of human actions. According to the American 
Wind Energy Association, wind power was the fastest growing energy technology worldwide in 2002, and the 
United States was an important player in the wind energy game. Over the years, wind energy developments 
resulted in taller towers, sleeker blade designs, and a drop in the cost of electricity from wind enwergy. These 
developments began back in the 1970s.

In the 1970s, wind turbine research and development was devoted to large scale, multimegawatt turbines. 
General Electric built one of the fi rst large turbines called the MOD-0, which was a down wind model. The dead 
air space behind the tower proved to be a major error that took several years and several models to fi x. A version 
called the MOD-5B was installed in Oahu, Hawaii, in the 1980s and was still operating in 1997.

Some problems encountered by these turbines included harmonic vibrations causing blades and towers to break 
apart, failures in the hub attachment where the blades attach to the nacelle, and weak spots unable to handle 
the dynamic loads created by the tower shadow.  In 1978, Congress passed the Public Utilities Regulatory 
Policies Act. This federal law required utilities to purchase electricity from certain effi cient power producers, of 
which renewables are a prime example.

The 1980s did not see many installations of large scale wind turbines in the United States, with the exception 
of California. Over 17,000 machines were installed in California between 1981 and 1990. At the height of 
development, these turbines could collectively generate over 1,700 megawatts (MW) of power and over 3 
million MW hours of electricity. One reason for this wind turbine building initiative was federal and state tax 
incentives provided a 10 to 50 percent reduction on the cost of wind energy installations. These subsidies made 
the cost per kilowatt comparable to standard generation facilities. Many of the turbines were saddled with high 
maintenance costs due to poor engineering, but investors kept pouring money into these ventures in hopes of 
fi nding a return on their investment.

The lessons learned in California were coupled with continued research and development of turbine 
technologies. Wind turbine manufacturers met the 1990s resurgence with redesigned turbines, ready to meet the 
public‚s demand. In the 1990s, various states passed legislation requiring electric utilities to develop generation 
facilities that utilized the wind. This was the beginning of the next era of wind turbines. California, Texas, Iowa 
and Minnesota all began large scale installations with newly re-designed turbines. In 1999 a record amount 
of utility-scale wind power equipment was installed worldwide (over 3,900 MW) with 81 percent of the new 
installations in Europe.

In 2003, the U.S. had installed wind turbines in 27 states. This was accomplished by power utilities working 
with turbine manufacturers and wind farm developers. As of January 2004 the U.S. had 6,374 MW of installed 
wind energy capacity. The following states are ranked as the “Top Five” for their amount of installed wind energy 
capacity:

 California  2,042.6 MW

 Texas  1,293 MW

 Minnesota  562.7 MW

 Iowa   471.2 MW

 Wyoming  284.6 MW

These numbers continue to increase and several other states are actively investing in wind energy to offset 
energy production.
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Minnesota’s largest wind farms are located in the Buffalo Ridge area of southwest Minnesota. This area is the 
windiest in the state, with wind speeds averaging 7.5 meters/second (16.8 mph). 

1937  Jacobs Wind Electric Company opened and began selling windmills and generators.

1978  Congress passes the Public Utility Regulatory Policies Act, which requires utilities to   
  purchase electricity from certain effi cient power producers, of which renewables are a   
  prime example.

1990s Wind power developments begin in southwest Minnesota.

1994  Minnesota Legislative mandate to Xcel Energy Company (formerly Northern States   
  Power). This mandate required the power utility to purchase 425 megawatts of wind   
  power by 2002 in exchange for granting dry cask storage of its spent nuclear fuel on   
  Prairie Island, Minn.

1999  Great River Energy, an electric generation and transmission company, began operating   
  its Chandler Hills Wind Farm along Buffalo Ridge. This is a voluntary development based  
  on customer demand through the sale of green power.

1999  Lac Qui Parle Valley School in southern Minnesota installs a turbine on the school   
  grounds. It powers the school. Any extra electricity is sold to the local utility, Otter Tail   
  Power.

1999  Minnesota Public Utilities Commission requires Xcel Energy Company to purchase an   
  additional 400 megawatts of wind power by the year 2012.

2001  There are 453 utility-scale wind turbines operating in Minnesota.

2001  Great River Energy announces a plan to add 21 megawatts of new wind generation. This  
  makes it the largest voluntary wind project in the state.

2004  There are 652 utility-scale wind turbines operating throughout Minnesota. 

Time line of wind development in Minnesota

Student Activity
Ask students to research wind power in their state. Use the American Wind Energy Association’s 
web site to see where the state ranks in wind power developments and determine the location 
of large scale wind power sites. Create a time line of signifi cant wind power developments. 
Research the question: Are there future wind power developments planned for your state?

��������
��������

Case Study: Minnesota wind Farm Developments
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4. FUTURE WIND ENERGY INITIATIVES

Wind energy will continue to grow and develop as an energy source. Have students consider these wind energy 
initiatives and refl ect on them in the following activity.

 a. The U.S. Department of Energy reports that wind energy could supply 20% of the United States'‚ energy  
 needs. If there were enough transmission lines and storage capabilities, North Dakota alone could supply  
 1/3 of the U.S. energy needs. 

 b. Wind Powering America, a U.S. Department of Energy initiative, plans to have 10,000 MW of wind available  
 nationwide by the year 2010, and plans to use wind to generate fi ve percent of the nation’s energy needs  
 by 2020.

 c. Many people think of California when they hear about wind turbines. However, in the last fi ve years more  
 than half of the new wind plant projects were in Minnesota and Iowa. Other states that are developing their  
 wind energy potential are Texas, Colorado, Oregon, Wisconsin, and Wyoming. 

 d. In the future, a Finley, North Dakota, wind farm could produce enough power (80 MW of power) to provide  
 electricity to 135,000 homes. 

 e. According to the National Renewable Energy Laboratory, 30% of Minnesota’s land base could be   
 developed into wind power production sites. If this happened, the power produced would equal   
 669,000,000,000 (669 billion) megawatt hours, which is 1,218% of the entire state’s electricity   
 consumption. 

Student Activity
Concept Mapping of Wind Power’s Future

Students create a concept map about the future of wind power. Focus the map on the question, 
“If wind power was developed on a large scale, what would the effects be?”

Students can create the concept map in their journal then share their ideas in small learning 
groups. 

Section References

de Cervantes, Miguel. Don Quixote of the Mancha. New York, NY: Alfred A. Knopf, Inc., fi rst published 1900, 
reprint 1999.

MN Department of Commerce. Harvesting the Wind - MN Growing Wind Energy Industry.

National Renewable Energy Laboratory. Wind Powering America. U.S. Department of Energy, March 2000.  

Woelfl e, Gretchen. The Wind at Work: An Activity Guide to Windmills. Chicago, IL: Chicago Review Press, 
1997.

Video
Harness the Wind. Produced by the National Film Board of Canada. Distributed by Bullfrog Films, P.O. Box 149, 

Oley, PA, www.bullfrogfi lms.com

Web Sites
American Wind Energy Association http://www.awea.org

Iowa State University http://www.energy.iastate.edu/WindManual/Iowa State University http://www.energy.iastate.edu/WindManual/Iowa State University

U.S. Department of Energy, Energy Effi ciency and Renewable Energy Network
 http://www.eren.doe.gov/education 

��������
��������



Historic time line of wind machines - Part One
WHEN WHERE WHAT

700s Sri Lanka wind used to smelt metal from rock ore

950s Persia windmill grinds corn into corn meal - vertical axis, shelter built around 
blades forces wind in

1200s China the armies of Genghis Kahn brought Persians to China to build mills for 
irrigation

1200 Europe the postmill - horizontal axis

1300 Europe smock mill - only have to move the top part of the building

1500 Spain tower windmills - triangle shaped cloth sails

1600 Netherlands drainage windmills move water out of lowlands into dike systems

1600 England drainage windmills turn fens into farmland

1600s Netherlands Protestant Reformation: windmill blade positions indicate safe place for 
Catholics

1626 New York City Dutch purchase New Amsterdam (Manhattan Island) and bring their 
windmills to America

1693 Netherlands new Dutch law: each windmill must have a name

1700 Netherlands and 
England

each had approximately 10,000 windmills

1745 England fantail invtented - moves blades into the wind

1759 England turns blades 20 degrees, get more power

1784 New York City, NY offi cial city seal designed - features windmill blade

1805 England Sir Francis Beaufort created a wind speed chart based on observations

1806 Netherlands French army invaded, saw hundreds of mills along the Zaan River

1850s United States two different inventors design mills for the American West - open tower 
design, thin wodden blades (Halladay and Burnham of Chicago, Ill. and 
Wheeler of Beloit,  Wis. - Eclipse brand)

1865 United States end of Civil War - everyone moves west - railroads purchase Halladay 
windmills and Eclipse windmills to pump water for the steam engines

1880s American West western homesteaders purchase windmills from catalogs, traveling 
salesman or build their own - mills pump water, shell corn, saw wood, mill 
grain                                                        (continued on next page)



Historic time line of wind machines - Part Two
WHEN WHERE WHAT

1880s Chicago, IL Thomas O. Perry conducted over 5,000 wind experiments trying to build a 
better windmill - invents the mathematical windmill and starts the Aerometer 
company with La Verne Noyes

1889 United States 77 windmill companies in existence

1892 Denmark Poul LaCour used windmill to generate electricity

1893 Chicago, IL World's Colombian Exposition - huge technology expo - 15 different windmill 
companies showcase their goods along with steam engines and Thomas 
Edison's talking fi lms

1894 Arctic Occean explorer Fridtjof Nansen used windmill powered lights in his ship's cabin 
while searching for the North Pole

early 
1900s

San 
Francisco

windmills pump saltwater to evaporate ponds to provide CA gold miners with 
salt

1908 Denmark 72 windmills provide electricity to village

1937 Minneapolis, 
MN

Jacobs Wind Electric Company opened and began selling windmills and 
generators (Marcellus Jacobs)

1930s Antarctic Rear Admiral Richard Byrd brought a Jacobs wind generator to the Antarctic 
- it ran for 22 years without repairs

1939 Netherlands Dutch communicate German via windmill blade position

1941 Vermont the biggest windmill ever installed - the Smith-Putnam wind turbine (53 meter 
blades)

1943 Vermont a part of the Smith-Putnam wind turbine breaks and the machine is shut down

1945 Vermont Smith-Putnam restarted, but due to small cracks in the blade, one blade 
broke - turbine shut down forever

1940s Netherlands W.W.II: Dutch found and rescued American pilots via windmill blade position

1950s United States most windmill companies out of business

1970s United States 
& Europe

interest again in wind power

1980s United States 
& Europe

wind farms are developed for large scale production

1990s Minnesota Minnesota led the nation in new wind power capacity installed throughout the 
1990s

Source: The Wind at Work: An Activity Guide to Windmills, by Gretchen Woelfl e, 1997, Chicago Review Press, Chicago, IL.
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Section five - Today’s Turbines
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Section 5

Today’s  Turbines
OUTLINE

1. Turbine Anatomy
 – Explore the Basic Wind Turbine
 – The Rotor
 – The Nacelle
 – The Tower

2. Electricity Production
 – Putting It All Together
 – How Much Wind Energy is Captured?
 – A Closer Look: The AIR X Turbine

3. All About Blades
 – Blade Design
 – Swept Area
 – Blade Confi guration
 – Student Activity: Build Model Blades

4. Small and Utility Scale Systems
 – Small Wind Turbine Systems
 – Large Wind Turbine Systems

5. Wind Farms: Their Benefi ts and Limitations
 – Benefi ts
 – Limitations
 – Student Activity

Section References

OVERVIEW

A large wind turbine’s blades move gracefully with 
the blowing wind, spinning in a circle high above 
the farm landscape below. It looks so simple, yet 
the inner parts of a turbine are working hard to 
produce electricity. This section dissects a modern 
wind turbine and explains how electricity is created 
from the wind. It looks at both small and utility scale 
turbines, and focuses on the benefi ts and limitations 
of using large scale wind farms to generate 
electricity. Students get to use the knowledge they 
gained from exploring historic windmill designs to 
produce a set of model wind turbines blades.

OBJECTIVES

1. Students become familiar with how a modern 
turbine creates electricity. 

2. Students study blade design concepts and create 
their own set of model turbine blades. 

3. Students are introduced to the differences 
between small and utility scale systems. 

4. Students are able to identify the benefi ts and 
limitations of large scale wind farms and discuss 
their ideas in class. 

VOCABULARY LIST

Horizontal axis
Vertical axis
Upwind
Downwind
Rotor
Blades
Lift
Drag

Anemometer
Wind vane
Generator
Gear box transmission
Yaw drive
Brakes
Battery
Inverter
Grid Connection 
Tower

Betz Limit
Swept area
Battery bank
Hybrid system
Wind farm
Capacity factor
Availability factor

 SUGGESTED MATERIALS

Small DC motor
Hubs to fi t motor shaft (enough for every group or 
every student)
Turbine stand (or a way to hold the motor)
Dowels and other materials to build rotor blades
Volt meter
Box fan
Wind turbine photos or slides 

5
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1. TURBINE ANATOMY

Explore the Basic Wind Turbine
Today’s wind turbines have two different axis styles: the horizontal shaft and the vertical shaft.

Horizontal axis turbines have blades that rotate on an axis parallel to the ground. These are common turbines 
found throughout the world. The horizontal shaft is an effi cient design because the wind constantly presses on 
the blade area as it blows. Horizontal axis turbines utilize the wind as either an upwind and downwind design. 
Most modern turbines are upwind, which means that wind meets the blades before the tower. In the downwind 
version, the wind passes through the tower before hitting the blades.

Vertical axis turbines have blades that rotate on an axis perpendicular to the ground. In the United States, 
these turbines are not as common as the horizontal shaft. There are different types of vertical shaft turbines. A 
Darrius system has curved blades and looks like an eggbeater. The Giromill has straight blades. The Savonius 
is an S-shaped design and looks like a barrel cut in half lengthwise, and 
reattached to form the “S” shape. The advantage of a vertical shaft is that 
is doesn’t matter which direction the wind blows because the blades will 
always catch the wind. The generator is low to the ground, which makes 
it easier to service, but because they are close to the ground they don’t 
catch the fast moving winds of higher elevations.

There are several parts of a wind turbine that function together to produce 
electricity. Let’s take a closer look at these parts, focusing on three key 
subsystems of a horizontal axis turbine: the rotor, the nacelle and the 
tower. 

The Rotor
The rotor refers to the entire blade/hub system. Most modern turbines 
have a three-blade rotor that is 50 to 90 meters in diameter. 

Blades
The blades are the most critical component of the rotor assembly. As 
air moves across the blade, the rotor assembly rotates. Their movement 
allows the machine to perform work. Most modern turbines have a way to 
adjust the pitch of the blades to allow for low and high wind conditions. 
(See “All About Blades” in this section for detailed information on turbine 
blades.) 

The Nacelle
The rotor attaches to the nacelle, which sits atop the tower. The nacelle 
houses the gearbox, generator, shafts, brakes, control equipment and 
monitoring equipment. On large turbines the nacelle is the size of a box 
car and has enough room for a turbine technician to stand while working. 

Gearbox Transmission
The gearbox is located between the rotor and the generator, with the low-speed shaft on one side and the high-
speed shaft on the other. The rotor spins the low-speed shaft at 15 to 60 rotations per minute (rpm) and the 
generator needs 1,200 to 1,800 rpm’s to produce power. To make up the difference the gearbox increases the 
rotation speed of the low-speed shaft to the high-speed shaft, which drives the generator.

An advantage of this transmission system is the blades can rotate at a slower speed while still achieving the 
necessary rpm’s for the generator to perform at an optimum speed. However, the gearbox is heavy and costly 
so not all turbines have one. A direct drive system doesn’t have a gearbox between the rotor assembly and the 
generator. Direct drive turbines need a larger generator or larger blade swept area to create a high enough power 
output (see “All About Blades” in this section for information on swept area).
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Generator
The generator is the mechanical device that creates electricity. Generators can produce either AC or DC 
electricity, depending on the need and manufacturer’s design.

Yaw Drive and Yaw Motor
The yaw drive and yaw motor move the nacelle. When the wind direction changes the turbine’s on-board 
computer engages the yaw motor, which then spins the yaw drive to rotate the nacelle into the wind.

Controller
The controller starts up the machine at wind speeds of 8 to 16 miles per hour and shuts it down during high wind 
speeds (65 mph and above). It does this by adjusting the pitch of the blades and/or activating the brake system. 
If the turbine continued to operate during high wind speeds the generator could overheat.  In some small-scale 
turbines, the controller keeps the voltage output at a constant rate and regulates the battery charge level. It can 
“dump” excess electricity once the batteries are fully charged, which extends the battery bank’s life. 

Brakes
Most turbines have some type of braking system to prevent the turbines 
from spinning too fast, or to stop the turbine if there is a problem detected 
by the on-board computer. Turbines have a top speed, called the cut-out 
speed. This safety feature protects the turbine from damage.  One braking 
method uses a drum or disc brake similar to that on an automobile. 
Others simply “pitch” the blades to spill out excess wind and stop the 
rotor. Once wind speed reduces, the turbine resumes normal operation.

Wind Vane
A wind vane is located near the anemometer on top of the nacelle 
and monitors wind direction. It is an integral part of keeping the rotor 
assembly facing into the wind. As the wind changes direction the wind 
vane sends a signal to the yaw drive.

Anemometer
An anemometer monitors wind speed from on top of the nacelle. This 
device communicates with the controller to keep the rotor assembly from 
spinning too fast and causing damage.

The Tower
It’s often said: “The taller the tower the greater the power.” To produce the 
rated output, the turbine should be up high. Towers are designed to hold 
the turbine above wind shear. Wind shear is the level at which ground 
disturbances area minimized and turbulence is lessened.  The minimum 
tower height is 8 meters (25 feet) above surrounding objects within a 150 
meter (500 foot) radius. A large turbine tower is between 40 to 70 meters 
tall. Offshore turbine towers are often 100 meters (328 feet) or more above 
sea level. Towers are made of steel lattice or tubular steel. Tubular steel 
towers are most common on the large turbines where lattice towers are 
frequently found on 40 kW or smaller turbines. Large turbines have a 

ladder inside the tower for access to the nacelle. 

Support System
The tower provides support for the turbine but the tower must be supported as well. Small turbine towers often 
use guy wires that anchor the tower to the ground and hold the tower up. These are less expensive than free 
standing towers but require space to spread the wires out. Free standing towers have a large support system 
underground that keeps the tower upright.

Large turbines have a foundation that is mostly underground. A 1-megawatt turbine’s foundation may be 50 feet 
in diameter and 7 feet deep. It is constructed of concrete and reinforced iron. 
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2. ELECTRICITY PRODUCTION

Putting it all Together
The wind blows, the blades spin, and all of the turbine’s parts work together to create electricity. Here’s a simple 
step-by-step explanation of how it works.

 1. Wind turns the turbine blades. 

 2. The rotor assembly rotates. 

 3. The rotor spins a low-speed shaft. 

 4. The shaft is connected to the gearbox, which boosts the shaft’s rotation speed. 

 5. A high speed shaft drives the generator. 

 6. Inside the generator, coils of wire rotate in a magnetic fi eld and produce electricity. 

 7. Electricity travels down the tower via electric cables. 

 8. Electricity is either distributed or stored. 
  a. Electricity generated by utility-scale turbines moves to a transformer box at the turbine’s base and is   

  then distributed to the grid (see Section 2 for more information on the grid). 
  b.  Homeowners with small turbines can work with their utility to connect their small turbine to the grid. In   

  this situation, called “net metering,” the homeowner’s turbine spins their electric meter backwards as it   
  generates electricity. 

  c. Homeowners with small turbines can store the electricity in batteries. Lead acid batteries are commonly  
  used, and are similar to the batteries used in our cars. Using the correct battery size is important. If the   
  batteries are too small they may be overcharged or the turbine may stop charging prematurely.    
  Batteries  store electricity in the DC mode, so a homeowner system needs an inverter to transform the   
  electricity from DC to AC so it can be used with common household appliances. 

How Much Wind Energy is Captured?
Theoretically, the maximum amount of energy the turbine can extract from the wind is 59 percent. This is called 
the Betz Limit. Most turbines do not achieve this value, and are instead 35 to 45% effi cient. If 100% of the wind’s 
energy was utilized, the air would stop and so would the turbine.

Only 10 to 30% of the wind’s potential energy is turned into electricity. Usable energy is lost as it travels through 
the rotor, generator, and all the other parts of the turbine system. This is why the Betz Limit is rarely achieved 
(For more information refer to “The Second Law of Thermodynamics” in Section 1). New technologies continue 
to make turbines and generators more effi cient.

A Closer Look
Let’s take a closer look at the electrical output of a small turbine. The AIR X turbine, produced by Southwest 
Windpower, generates a maximum of 400 watts of electricity. This turbine’s cut in speed (the speed at which it 
starts producing electricity) is 3 meters per second (m/s) or 7 miles per hour (mph), but the electrical output at 
this point is negligible. At 5.5 m/s (12 to 13 mph) the output is approximately 50 watts. From 9 to 13 m/s (20 to 
30 mph) the power output increases at an exponential rate. The optimum wind speed for this turbine is 12.5 m/s 
(28 mph). At this speed the generator produces 400 watts. Logically, the best placement for the AIR X is in a 
location where wind speeds are consistently 12.5 m/s. However, most areas in the U.S. do not have these wind 
speeds at ground level on a constant basis. So how can the effi ciency of the AIR X be optimized?

Air speed increases with height. So to optimize the AIR X’s output, place it above the ground. If the average wind 
speed on the ground is 5 m/s (12 mph), raising the turbine increases the output of electricity. Raise the turbine 9 
meters (30 feet) above the ground and you can expect an average output of 50 kWh per month. Raise the turbine 
to 18 meters (60 feet) and the output is 65 kWh/month; at 30 meters (100 feet) the output is 85 kWh/month. The 
expense of raising the turbine to these heights is paid back through greater electricity production.
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3. ALL ABOUT BLADES

The most critical parts of the turbine are the blades and blade design. Introduce students to the following 
information about turbine blades and then let them experiment by making their own blades. 

Blade Design
Wind turbine blades are designed to operate by either the drag or lift principle of aerodynamics.

Blades that operate on the drag principle of aerodynamics use the wind to literally push the blade. This blade 
design creates slow rotational speeds and high torque. Although slow moving, these machines were once 
common and performed work such as pumping water and grinding grain. Picture the classic Dutch windmill or 
the farm windmill and you’ll have a good image of blades that operate on the drag principle.

Blades that operate on the lift principle of 
aerodynamics are just like airplane wings. 
As air fl ows past the blade it creates a 
differential between the wind speed and air 
pressure. Air moves faster over the curve 
of the blade and slower over the fl at side, 
causing lower pressure where the wind 
is moving faster. This unequal pressure 
causes the blade to move. Since it is on a 
fi xed axis, the blade begins to rotate. A lift-
powered turbine is fast.

Swept Area
The rotor’s swept area is the circular area 
covered by the blades and is a critical 
factor in determining the amount of energy 
a turbine captures. As a general rule, the 
larger the swept area, the more energy 
produced.

To fi nd a turbine’s swept area, use the equation A = π r∑, which states that the swept rotor area, A, is equal to 
pi times the square of the rotor radius. This tells us that a small increase in blade length can drastically increase 
the swept area, thus increasing the power output of the turbine. For example, if we increase the blade length of 
a rotor from 10 inches to 12 inches we increase the length by 20 percent but we increase the swept area by 44 
percent. Understanding this relationship is fundamental in understanding blade design.

Blade Confi guration
Another design factor to consider is the number of and arrangement of blades. Most modern, horizontal axis 
turbines only have two or three blades. Airfl ow is weakened as it passes over each blade, and the blades create 
turbulence as they encounter the air. Both of these factors reduce the available power in the wind, thus reducing 
the effi ciency of the rotor assembly and the amount of electricity generated.

Additionally, when the blade confi guration is an odd number the balance of the system is equalized and 
harmonic vibrations are minimized. Harmonic vibrations are invisible to the human eye but can be heard (a tuning 
fork is a good example of harmonic vibrations). An even number of blades causes vibrations in the turbine that 
can eventually break apart the blades. Very few man-made objects can withstand long-term harmonic vibrations. 

Photo: Marguerite Kelly
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Student Activity

In this activity, students use the knowledge they gained from exploring historic windmill and modern turbine 
designs to produce a set of model wind turbine blades.

Supplies
Small DC motor, hubs to fi t motor shaft (enough for every group or every student), turbine stand (or a way to hold 
the motor), dowels and other materials to build rotor blades, volt meter, box fan

Process
 1.  Determine group size. Students can work alone or in small groups to develop their turbine blades. 

 2. Each student/team of students decides what turbine style they will work with. They can choose either the   
 horizontal or vertical axis turbine. 

 3.  Next, students brainstorm ideas for blade design. Several blade designs were described in Section 4 and   
 in this section. The design ideas are drawn up in their journal. Students should understand that there   
 might be design limitations due to the size of the motor and the turbine stand/base. Their design is    
 dependant on the hub, which attaches their blades to the motor. 

 4.  Students fi nd materials to construct the blades. Most material can come from a classroom or household   
 recycling area. Additional tools and adhesives can come from the same places. 

 5.  Determine the amount of time allowed for blade construction. Is this a classroom project or a homework   
 assignment? If this is a classroom project, allow a minimum of two 50 minute class periods for the design   
 and construction process. 

6. Once the blades are complete, attach the hub to the motor axle in the 
appropriate axis confi guration (either a horizontal axis or a vertical axis). 

7. Next, use a small electric fan to test the blade’s movement. 
All tests should be completed with the fan running at the 

same speed and placed at the same distance (1 foot is 
recommended) from the framework of the blades. If the blades 
move, go to the next step. 

8. Attach the volt-meter to the leads from the motor. Set the 
volt-meter on the lowest setting for DC voltage readings. 
Record the output for each student’s (group’s) blade 
design. If the meter displays a negative output the leads are 
connected backwards. 

Build Model Blades
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Discussion
Take some time to process this activity with the students. The following  questions could be used in a classroom 
discussion or as a journal entry.

 • Which blades produced the best output?
 • Were they a horizontal or vertical axis design?
 • Did they have many blades or just a few blades?
 • What materials were used to create the blades?
 • Were any of the designs off balance?
 • Did this affect the output?
 • What changes would you make to your design?

Student Activity

Extension Activity
Reattach the blades that had the highest output. What happens when the angle of the blades 
or other design features is adjusted? Does it affect the output? Experiment with the swept area 
and examine the results. Allow students an opportunity to tinker with their design and try this 
experiment again. Industry professionals work for years on the blade design of utility scale wind 
generators.

Additional Resources

Teacher’s Guide to Wind Power Projects published by the Center for Alternative Technology Education.

Turbine Blade Design from Wind Power Today: Wind Energy Program Highlights, National Renewable 
Energy Laboratory, U.S. Department of Energy, May 2001.
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4. SMALL SCALE AND LARGE SCALE SYSTEMS

Now that we understand how turbines work, let’s take a look at their application in 
our society.

Small Wind Turbine Systems
A small wind turbine produces less than 40 kW of electricity. These wind systems 
are suitable for powering a weekend cabin or offsetting the electric demands of a 
household. A typical small wind system costs from $1,000 to $30,000, depending 
on the rated output (size) of the system.

On the Grid and Off the Grid
For a homeowner with a small turbine, the electric utility can become a backup 
power supply when the wind is not blowing. To accomplish this, the homeowner 
connects their turbine to the grid. Depending on the homeowner’s electricity 
demand (the load) the turbine may provide the user with most of his or her power 
needs. Any excess electricity is purchased by the utility and sent out on the grid.

Someone who lives in a remote area may choose to go “off the grid” and create 
their own electricity instead of bringing a power line to his or her location. This set-
up requires a way to store electricity during times when the wind isn’t blowing. The 
most common storage method is a battery like those used in cars. A battery bank 
is a series of batteries connected together.

Most on and off the grid systems require DC power be converted to AC power 
to run household devices. An inverter accomplishes this task. The inverter is 
connected to the system between the turbine and the appliance.  

Hybrid Systems
Oftentimes, the homeowner uses a hybrid system where two energy sources are 
utilized. For example, both a wind turbine and solar panels are installed to provide 
a constant power supply. That way, if one isn’t producing electricity hopefully the 
other one is. A hybrid system is approximately twice as expensive to purchase and 
install compared to a single system and is typically used by homes located too far 
from a power line to make grid connection affordable.

Large Wind Turbine Systems
Large wind turbine systems, often called utility scale systems, produce at least 
40 kW of power and may produce more than 1,000 kW of power. A grouping of 
large turbines is called a wind farm. A large wind farm can easily supply a town of 
175,000 people with all of their electricity needs and can cost over $200 million to 
build. The wind farm would produce more electricity if the wind blew strong all of 
the time, which is why years of research goes into selecting a site for wind farms 
(see Section 6, Prospecting for Wind).

Wind generated electricity is integrated into an electric utility’s generation mix. This 
allows the utility to have an integrated power mix. Most utilities can incorporate 
at least 10% of their electricity from a variable resource like wind power with 
few changes to their system. Good wind sites are frequently long distances from 
populated areas, and a utility may need a new transmission system to get the 
power to the people.
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5. WIND FARMS: THEIR BENEFITS AND LIMITATIONS

To complete this study of modern wind turbines and large wind farms we’ll look at both the benefi ts and 
limitations of relying on the wind for electricity.

Benefi ts

Renewable Resource
 Wind is an inexhaustible and readily renewable resource. As long as the sun shines the wind will blow, and as 

long as there is a turbine to harness the wind we can produce electricity. Fossil fuels have a limited lifespan 
compared to renewable resources, but this estimated lifespan is a source of great debate in the energy 
industry. Some estimates tell us that we have between 20 – 50 years worth of coal reserves remaining in the 
world, and oil reserves will be depleted in 60 – 120 years. Both of these estimates are based on the current 
rate of consumption and current technologies, and it is diffi cult to know what the future actually holds for 
these fuel sources.

 Energy professionals around the world seek a variety of energy sources to supply people with the electricity 
that they have become accustomed to using. Renewable fuels, including the wind, are part of the mix of fuels 
that will allow us to meet future energy demands.

The Environment
 The act of collecting the wind does not produce harmful byproducts that may produce air pollution. The 

American Wind Energy Association explains that a single 750 kW turbine, operated for one year in a class 4 
site, can be expected to displace a total of 1,179 tons of carbon dioxide, 6.9 tons of sulfur dioxide and 4.3 
tons of nitrogen oxides. This fi gure is based on the U.S. average utility generation fuel mix.

The Local Economy
 The U.S. Department of Energy set a goal of wind providing at least 5% of the nation’s electricity by 2020. It is 

expected to result in 80,000 permanent jobs and $1.2 billion dollars of new income nationwide.

 Wind is a local energy source and does not need to be imported, thus eliminating certain costs. Wind will 
never be faced with an embargo or “price shock” by an international confl ict, therefore the local economy may 
be more stable in times of global strife.

 Farmers who lease their land to wind farm companies have the benefi t of a value added product to their own 
land investment. A wind farm brings new money to the local economy. 

Limitations

Variable Resource
 The wind doesn’t blow all the time. Therefore, utilities can’t fully rely on the wind to meet consumer demand. 

One way to compare wind energy to other fuels is to look at the capacity factor. This number compares the 
actual amount of power produced to the potential amount produced (if electricity was generated all the time). 
Because wind is a variable resource, wind farms have a lower capacity factor compared to generation sites 
that use coal. Coal plants can run nearly all the time.

 A different way to compare energy sources looks at the availability factor. This is the percentage of time the 
plant is ready to generate electricity. According to the American Wind Energy Association, wind farms have a 
high (98%) availability factor.

Electricity Transportation
 A major problem with wind power (as with all types of generation) is getting the power to the customers. There 

is a need for transmission line improvements. Increased demand for electricity is making the U.S. transmission 
system vulnerable. Sometimes the wind produces more power than current transmission lines can carry. This 
overloads the system, causing blown fuses and resulting in blackouts. Oftentimes, the best location for a wind 
farm isn’t near a populated area, which creates the need for adding new transmission lines. Many people do 
not want transmission lines built near their home or their town.
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Birds
 Wind turbines can have an impact on migrating birds. When these birds fl y at night they cannot see the 

spinning blades and don’t recognize them as a hazard. This resulted in high mortality rates of migrating birds 
when wind farms were fi rst constructed. 

 Since then, engineers and wind farm developers have worked to improve the impact that wind farms have on 
birds. New developments are not placed on major migration routes. For example, the wind farm developments 
in southwest Minnesota have a lower bird mortality rate than California’s fi rst wind farms, which were on a 
migration route.  Turbine design has changed to reduce the risk to birds. Solid towers (compared to the lattice 
style) discourage nesting birds, and slower moving blades reduce bird collisions.

Cost
 Wind farm development costs are similar to the cost of developing a traditional power plant that produces the 

same amount of power. However, the wind farm is not as consistent in producing electricity. This makes the 
cost per kilowatt-hour greater than traditional power plants.

 The cost of harvesting wind comes from the initial cost of the turbine. The repair and maintenance costs, and 
the cost of either connecting to existing transmission lines or installing new lines to transport the power. This 
cost is depreciated over a 20-year turbine lifespan. Similar costs are incurred with traditional power plants; 
however, the fuel’s expense must be added in to the cost.

Noise
 Noise was a concern in the infancy of modern turbines. At one time there was loud sounds caused by thin 

blades vibrating in the wind and mechanical noises coming from the generator.  Technological advances have 
all but eliminated these problems. Blade designs have changed to quiet them, slower moving rotors reduce 
noise, and turbine bodies are insulated to decrease mechanical noises. Modern turbines create a noise level 
equal to the refrigerator in your kitchen (approximately 45 decibels at a distance of 350 meters), and this can 
now be considered a wind energy benefi t.

Visual
 Placing over 500 wind turbines on the southwest Minnesota landscape in the last 10 years affects the view. 

While some people do not mind the wind turbines on the horizon, others feel they are an intrusion on the 
rolling hillside’s beauty. Wind farm developers have managed this issue by placing turbines in equal rows 
rather than random rows and using the same tower design in a development.

 There is no way to hide the turbines. The surrounding communities must address the machine’s visual 
impacts, and through education people can begin to understand their changed landscape.

Student Activity

The pros and cons of wind turbines can be used in the classroom in several ways, including: open 
classroom discussion, each student chooses a benefi t or limitation and conducts further research 
on the topic, create a mock community meeting where students choose to represent either the 
“pros” or “cons” and carry that voice through the community meeting, students create persuasive 
magazine or TV ads about wind energy.

Section References

Piggott, Hugh. It’s a Breeze. Wales: The Centre for Alternative Technology, 2001.

Wind Powering America, National Renewable Energy Laboratory, U.S. Department of Energy, March 2000.

Wind Power Today: Wind Energy Program Highlights, National Renewable Energy Laboratory, U.S. 
Department of Energy, May 2001. 
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6
Section Six - Prospecting for wind
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OVERVIEW

The wind blows everywhere, but does it blow enough 
to power a house – or even a city? Wind prospecting 
takes the science of studying wind patterns and 
applies it to wind turbine operation and consumer 
demands. This section gets students outside to 
test their school grounds for wind power. Students 
practice recording and analyzing information 
from maps and fi eld data, determine wind power 
potentials, and then create a wind power report.  

OBJECTIVES

1. Students become familiar with wind speed maps. 
2. Students understand the “good” qualities of a 

wind energy production site. 
3.  Students become familiar with wind data 

collection tools and can compare results from 
different tools. 

4. Students conduct an evaluation of a site for its 
wind energy potential. 

5. Students create a research based report. 

VOCABULARY LIST

Wind prospecting
Wind speed
Wind power
Wind shear
Anemometer

SUGGESTED MATERIALS

Wind speed maps (maps are available on the 
Department of Energy web site and through State 
Energy Offi ces)
Local airport wind speed data
Beaufort Scale handout
Graph paper
Several wind speed collection tools (Anemometers)
Protractor
12 inches heavy colored thread

Section 6

Prospecting
For Wind

OUTLINE

1. Get Ready to Prospect
 – Project Overview
 – Key Terms

2. Turbine Placement
 – Background Information

3. Prospecting Steps
 Step 1: Determine the General Wind Resource
   Student Activity - Part - 1
 Step 2: Observe Wind and Terrain    

  Characteristics
   Student Activity - Part - 2
 Step 3: Measure Wind Speed
   Student Activity - Part - 3
 Step 4: Check for Legal Restrictions and   

  Obtain Approvals
 Student Activity - Part - 4

4. Project Evaluation
 – Section References
 – Resource List
 – Wind Prospecting Companies
 – Wind Date Web Sites
 – Charts
   Beaufort Scale
   Wind Prospecting with a Protractor   

  Anemometer

ping-pong ball
heavy sewing needle
wooden ruler
tape
small level
City and county zoning regulations
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1. GET READY TO PROSPECT

The information in this section prepares students to analyze their school grounds for wind energy potential.  

First, students learn the four wind prospecting steps, use maps to see the wind energy potential of regions in the 
United States, analyze local winds to determine their speed, direction, and fl uctuations, and create simple wind 
speed tools.

Next, students compile their fi ndings into a feasibility study that poses the question, “Are the school grounds a 
good place for wind energy production?”

Finally, students can learn more about careers in the fi eld of wind prospecting and wind farm development by 
contacting the wind prospecting companies listed at the end of this section. 

Teacher Note
A major component of wind prospecting is going outside to analyze the wind. When students go outside, 
several classes can participate in the activity. The data can be collected at different times of the day, during 
several days, and at several sites. Going outside is an exercise in data collection and a chance to use the school 
grounds as a classroom. If the wind doesn’t blow on the planned “outside day,” it’s OK. Students can use long-
term data obtained through other research methods as their wind speed data.

Key Terms

 The following terms are used throughout this section. 
Students should know these terms prior to prospecting.

 Wind Speed:
  how fast the air moves past a fi xed point.

 Wind Power:
  the amount of energy available in the wind.  This   

 is the cube of the wind speed.

 Wind Shear:
  the change in wind speed at different heights.     

 Typically, wind speed is greater at higher altitudes.
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2. TURBINE PLACEMENT

What makes turbine blades spin? The wind, of course. To prospect means to get out there and measure the 
wind. It’s also called “siting the turbine” because you choose a good site to place the turbine.

There are several factors to consider when determining the best place to put a wind turbine. Questions include:   

 • Is there enough wind to spin the blades?
 • Will there be enough wind year-round to generate required electricity levels?
 • What obstacles negatively affect the wind?
 • Is there a “best” location on the property to place a turbine?

Let’s start digging into the science of wind turbine placement. 
The fi rst question one should ask is how much wind will meet 
your needs? Small turbines require a minimum wind speed 
of 3.25 m/s (7mph) to start and reach their rated power (the 
optimum power) at wind speeds of 28 mph. According to the 
American Wind Energy Association’s Wind Farm publication, 
a minimum average wind speed of 5/6 m/s (11-13 mph) is 
necessary for a site to be considered for a wind farm.

The power of the wind is calculated as the cube of the wind 
speed. A wind speed of 4.5 m/s (10 mph) gives you a wind 
power of 91.135 m/s (4.5∏ = 91.135). A 5.5 m/s (12 mph) 
wind speed results in a wind power of 166.375 m/s (5.5∏
= 166.375). It is evident from these examples that nearly 
twice the power results from only a 2 mph difference in 
wind speed. A wind speed of 5.5 m/s (12 mph) produces 
29% more electricity than a wind of 5m/s. This illustrates 
the importance of spending time and money to achieve 
accurate wind speed reports.

There are three key factors used to analyze a site’s wind 
energy potential and determine which site is best suited for development.

  1. The power of the wind varies with its speed. Wind speed varies with time of day and year. When   
  considering a site for a wind turbine, the variations in wind speed are important in determining the site’s  
  power output. 

  2. Wind speed varies by season. By tracking the wind speed at a site over a year or more you will see   
  seasonal variations of wind speed. Plotting these fi gures on a graph identifi es months that are    
  windier than others, and those calmer months produce less electricity. It is vital to know    
  the site’s seasonal wind speed because there may be times when the wind won’t spin     
  the turbine’s blades. 

  3. Wind speed varies with height above ground. The higher above ground, the greater the wind speed,   
  primarily due to disturbances or obstacles present on the ground that alter the wind speed. 

 • Is there a “best” location on the property to place a turbine?

Let’s start digging into the science of wind turbine placement. 
The fi rst question one should ask is how much wind will meet 
your needs? Small turbines require a minimum wind speed 
of 3.25 m/s (7mph) to start and reach their rated power (the 
optimum power) at wind speeds of 28 mph. According to the 
American Wind Energy Association’s Wind Farm publication, 
a minimum average wind speed of 5/6 m/s (11-13 mph) is 

The power of the wind is calculated as the cube of the wind 
speed. A wind speed of 4.5 m/s (10 mph) gives you a wind 

energy potential and determine which site is best suited for development.

Photo: Windward Engineering
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3. PROSPECTING STEPS

Knowing the average wind speed at your site is an essential part of prospecting. After the wind speed is known, 
the area’s land and building features are mapped and analyzed. All of this information is used to determine the 
size and type of turbine that is best for your site, the best location for the turbine tower, and how much electricity 
you can expect from the turbine. There are four general steps in siting a turbine:

 Step 1: Determine the general wind resource
 Step 2: Observe wind and terrain characteristics
 Step 3: Measure the wind speeds at each site, and
 Step 4: Check for legal restrictions and obtain approvals. 

Let’s take a closer look at each step.

Prospecting Step 1:

Tools:
wind speed map, local airport wind speed data

The fi rst step looks at the wind resource on a broad scale with a wind speed map. Wind speed maps rate 
locations as excellent, good, fair or marginal. These ratings are based on the average annual wind speed. 

Student Activity – Part 1

Students can use wind maps (maps are available on the Department of Energy web site and 
through State Energy Offi ces) to begin exploring wind resources nationwide, and then narrow the 
view to your region. They can answer the following questions regarding wind energy potential in 
their journal or during a classroom discussion:

    • Where are the best locations for wind energy in the United States?
    • Are these states currently using their wind energy potential?
      (See Section 4 for a list of the top fi ve states using wind energy.)
    • What rating is given to your state?
    • Are all parts of the state the same?
    • Find your school (or your school region). What is the rating here?

Further research will help students determine the best places in North America and the world for wind energy 
production.

A local airport may have the monthly wind speed average for your location. This data is more accurate than the 
wind speed map, but it is not specifi c to your site so it is still considered a general resource.

Determine the General Wind Resource 
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Prospecting Step 2:

Tools:
Beaufort Scale handout, graph paper

The second prospecting step asks students to use their observation skills to learn more about the wind energy 
potential of their site. General observations of wind and terrain characteristics are made on a daily basis. This 
step asks students to record their observations and use them to determine potential sites for a wind turbine.

The Beaufort Scale
Sir Francis Beaufort (1774 – 1857) was an Admiral in the British Royal Navy. He used observation to determine 
wind speed and compiled his observations into a scale. This scale is known as the Beaufort Scale. By watching 
drifting smoke, blowing branches, and shingles fl y off rooftops, you can estimate the current wind speed. Wind 
farm developers look for steady winds of at least 5 to 6 m/s (11 to 13 mph). This speed occurs when fl ags blow, 
according to the Beaufort Scale. A copy of Beaufort’s Scale is found at the end of this section.

Try It!
Look out the classroom window and estimate the wind speed using the Beaufort Scale. Where are the windy 
spots on your school grounds?

Terrain Characteristics
Land features such as hills, trees and buildings negatively affect wind power. These obstacles create friction, 
resulting in reduced wind speed, increased turbulence, and less wind power. When siting a turbine, avoid poor 
wind sites such as the downwind side of a hill, a sheltered valley, and a large forest of uneven tree heights. You 
can minimize the effect of ground disturbances by placing the turbine as high as possible.

Some land features are good wind sites. This includes the tops of hills, open plains, shorelines of large lakes or 
oceans, and mountain gaps. The top of a hill has fast wind speeds because the wind travels up the hill and all 
the layers of wind are squeezed together. In mountain gaps, the wind is funneled through a specifi c spot. Winds 
coming off a large body of water, called “off-shore winds,” are consistently stronger than winds blowing over a 
similar sized landmass due to the difference in heat absorption of land versus water.

Buildings also create turbulence and affect the wind, but small turbines are often located close to the building 
they are intended to power. A rule of thumb is used to compensate for the turbulence created by buildings and 
other obstructions.

A turbine, if placed upwind of an obstruction (such as a house) should be placed at a distance two times the 
height of the obstruction. For example, if your house is 7.6 meters (25 feet) tall, place the turbine 15.24 meters 
(50 feet) from the house.

If a turbine is placed downwind of an obstruction, it should be placed at a distance equal to 10 times the height 
of the obstruction. In addition, the tower should be two times the height of the obstruction. This means that a  
turbine placed downwind of a 7.5 meters (25 feet) tall house should be 15.76  meters (250 feet) away on a 15.24 
meter (50 feet) tower. 

Observe wind and Terrain Characteristics 
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Student Activity – Part 2

Using this information about terrain characteristics, have students begin to consider turbine 
locations on the school grounds. 

First, create a simple map of the area. Identify the four directions, any surrounding structures 
(natural and human-made), and the direction of the prevailing winds.

Second, use the Beaufort Scale to identify the area’s windy spots. Mark these locations on the map.

Next, look at the school and related buildings.

 • How tall is the school? (Use an estimated height if you do not know the actual height.)
 • Where should a turbine be placed if upwind of the school?
 • Where should a turbine be placed if downwind of the school, and how high should its tower be?
 • Is there enough room on the school property to be the appropriate distance away?

Plot this information on the map.

Consider these questions:

 • Is it feasible to place the turbine upwind of the building? Downwind?
 • How would the turbine affect the surrounding neighborhood/landscape?
 • What else is around this site that may interfere with a turbine?
 • Would you consider the school grounds a good turbine site, based on what you know now?

��������
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Prospecting Step 3:

Tools:
Several wind speed collection tools, the map from Step 2

Optional materials:
protractor, 12 inches heavy colored thread, ping-pong ball, heavy sewing needle, wooden ruler, tape

In this step students measure the wind speed. An 
anemometer is a tool used to measure wind speed, and 
several anemometer styles exist. Students can create one 
from a protractor and a ping-pong ball (the “Protractor 
Anemometer”, instructions follow) or use purchased 
anemometers (there are several inexpensive, fi eld-tested 
anemometers listed at the end of this section). Familiarize 
students with the use of different wind speed indicators 
before you use the instruments outside.

Try It!

Build a Protractor Anemometer

Materials:
protractor, 12 inches heavy colored thread, ping-pong ball, 
heavy sewing needle, wooden ruler, tape, small level  

 1. Thread the needle and pass it through the center of  
 the ping-pong ball. Tie a knot in the loose end of the  
 thread and glue to the ball. 

 2. Pull the other end of the thread through the hole on  
 the straight edge of the protractor. Secure with a knot. 

 3. Lay the straight edge of the protractor fl at on one   
 end of the ruler. Tape the protractor to the ruler,   
 making several wraps of tape through the opening and  
 around the ruler. 

 4. Attach a small level to the top of the ruler, above the  
 protractor. 

Use the Protractor Anemometer

 1. Hold the protractor as level as possible and point it  
 into the wind. 

 2. Now observe the swinging ball as it is blown by the  
 wind. 

 3. Record the greatest angle the thread crosses. Use this  
 angle with the following chart to convert to   
 wind speed. 

Measuring wind Speed

Angle MPH M/S

90  0 0.0

85 6 3.0

80 8 3.5

75 10 4.5

70 12 5.5

65 13 6.0

60 15 7.0

55 16 7.5

50 18 8.0

45 20 9.0

40 21 9.5

35 23 10.5

30 26 12.0

25 29 13.0

20 33 15.0
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Student Activity – Part 3 (Data Collection)

Divide students into small groups. Bring the wind speed analysis tools (the Beaufort Scale, 
protractor anemometer, and all other handheld anemometers) outside and set up several 
measuring stations. The stations should correspond to the good wind locations that were 
discovered in the last activity. Let each small group of students spend fi ve minutes at a station 
and use the tools to collect wind speed data. (Note: the location of bystanders can affect the 
wind speed and turbulence, so all bystanders should be downwind of the anemometer.) Students 

can create a data sheet to record information in their journal. Use the map that was created in Step 2 to mark the 
data collection sites.

Data Analysis
There are two areas to evaluate from the fi eld study: the measured wind speed and the collection tools.

Site evaluation:
 • What is the fastest/slowest wind speed measured on your site?
 • Where is the windiest spot?
 • Are there geographic or structural features that obstruct the wind on the site?
 Mark these locations on the map.

Tool analysis:
Compare/contrast the data collected from each station.
 • Did the different tools provide similar readings? Why/why not?
 • If you needed to collect data for an entire year, which of these tools would you rely on? Why?
 There are disadvantages to using small handheld tools. They are held close to the ground and close to the 

user’s body, and therefore they do not assess the more powerful winds blowing above the user’s reach.

Try It!

Use the following equation to compensate for the faults of small handheld wind speed devices and estimate the 
wind speed at different heights.

  v2 = v1 * (h2)? / h1
  where
  v1 = the known wind speed at height (h1) above ground
  v2 = the wind speed at the second height (h2)
  h1 = height value 1
  h2 = height value 2
  n = ground cover exponent (see table)

 For example, if students measured the wind speed on school 
grounds at 5 mph using an anemometer held 3 feet off the 
ground, what would the wind speed be if the anemometer 
were on a 30-foot tower? 

  v1 = 5 mph
  h1 = 3 feet
  h2 = 30 feet
  n = 0.45 (suburban school)
  v2 = 5 mph x (30 ft/3ft).45
  v2 = 5 x (10) .45
  v2 = 5 x 2.89
  v2 = 14.5 mph

To obtain accurate readings, professional wind prospectors use an anemometer connected to a recording 
device on top of a tower. They collect data for at least a year to account for seasonal wind speed variations. An 
individual may obtain a thumbnail sketch of their location’s potential wind power by using an anemometer on top 
of a tower for a minimum of three months. Anemometers are expensive (approximately $700) so homeowners 
may choose to rent them from professional prospecting companies.

��������
��������

GROUND COVER N

smooth surface, ocean, sand  .10

low grass, fallow ground .16

high grass, low row crops .18

tall row crops, low woods .20

high woods, lots of trees .30

suburbs and towns .45
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Prospecting Step 4:

Tools:
City and county zoning regulations

A review of legal and social restrictions is important when siting and installing a turbine. To research what 
restrictions may apply to wind energy and turbines, one can check city and county zoning regulations, and visual 
impact regulations. Contact the electric company to determine their procedures for grid interconnection. 

Student Activity – Part 4

Students can lean more about local zoning restrictions and determine turbine feasibility in the 
school’s neighborhood. Could an individual put up a small turbine? Could a utility build a wind 
farm? This information is important for the project evaluation.

Students can contact the local electric company and learn about the process of grid 
interconnection. What steps are taken to connect a turbine on the school grounds to the grid?

Check for Legal Restrictions
and Obtain Approvals 

��������
��������
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4. PROJECT EVALUATION

Compile the information from Student Activities 1 – 4 into a wind energy report.

The report should include:

 • wind speed data (including monthly and yearly averages)
 • terrain characteristics
 • recommended turbine sites
 • recommended turbine size
 • legal restrictions or concerns
 • information on utility interconnection, and
 • any other pertinent information.

Use this information to analyze the wind energy potential on the school grounds and determine the feasibility 
of developing wind power on the school grounds. Students can then present this information to the class, the 
school, or the local community.

Further Research
Students can contact wind prospecting companies and wind turbine companies and learn about careers in this 
industry. There is a list of wind related companies and organizations at the end of this section.

Section References

Wind Power Today: Wind Energy Program Highlights, National Renewable Energy Laboratory, U.S. 
Department of Energy, May 2001. 

Wind Powering America, National Renewable Energy Laboratory, U.S. Department of Energy, March 2000. 

Piggott, Hugh. It’s a Breeze. Wales: The Centre for Alternative Technology, 2001.

Iowa State University Web Site: http://www.energy.iastate.edu/WindManual/

Resource List
Dwyer vertical wind speed meter (Item #598977)
 Frey Scientifi c 100 Paragon Parkway Mansfi eld, OH 44903  800/225-3739

Wind Wizard: wind speed meter (Item #562465)
 Frey Scientifi c 100 Paragon Parkway Mansfi eld, OH 44903  800/225-3739

Cup anemometer (Item #564658)
 Frey Scientifi c 100 Paragon Parkway Mansfi eld, OH 44903  800/225-3739

WIND PROSPECTING COMPANIES
Navitas      http://www.windpower.com
enXco      http://www.enexco.com
Northern Alternative Energy   http://www.csbsju.edu/environment/wind/naeNorthern Alternative Energy   http://www.csbsju.edu/environment/wind/naeNorthern Alternative Energy
Project Resources Corporation  http://www.projectresources.net
NEG Micon     http://com.neg-micon.webserver.dk

WIND DATA WEB SITES
American Wind Energy Association  http://www.awea.org
National Wind Technology Center  http://www.nrel.gov/wind/database.htmlNational Wind Technology Center  http://www.nrel.gov/wind/database.htmlNational Wind Technology Center
Penn State University    http://www.ems.psu/wx/usstats/windstats.html
Plymouth State College Weather Center http://vortex.plymouth.edu
Weather Service International   http://www.intellicast.com Weather Service International   http://www.intellicast.com Weather Service International
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Beaufort Force Description Land Observations / Signs MPH M/S

0 calm smoke raises vertically 0 - 1 1

1 light air smoke drifts, weather vanes do not move 1 - 3 1 - 2

2 light breeze wind felt on face, leaves rustle, vane moves 4 - 7 2 - 3

3 gentle breeze fl ag blows, small leaves and twigs constantly move 8 - 12 4 - 6

4 moderate breeze loose paper and dust blow, small branches move 13 - 18 6 - 8

5 fresh breeze small trees sway, white caps begin to form on lakes 19 - 24 9 - 11

6 strong breeze large tree branches move, umbrellas hard to use 25 - 31 11 - 14

7 high wind whole trees in motion, lean into the wind to walk 32 - 38 15 - 17

8 gale twigs break from trees, diffi cult to walk 39 - 46 18 - 21

9 strong gale large branches break, loose parts of houses blow off 47 - 54 21 - 24

10 storm trees uproot, buildings damaged 55 - 63 25 - 28

11 violent storm wide-spread damage 64 - 75 29 - 34

12 hurricane devastation, rare except on ocean coasts 75+ 34+

The Beaufort Scale

United States - Wind Resource Map
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Angle MPH M/S

90  0 0.0

85 6 3.0

80 8 3.5

75 10 4.5

70 12 5.5

65 13 6.0

60 15 7.0

55 16 7.5

50 18 8.0

45 20 9.0

40 21 9.5

35 23 10.5

30 26 12.0

25 29 13.0

20 33 15.0

Wind prospecting with a
protractor anemometer 
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Section 7

Consumer choices
OVERVIEW

If the wind is to power our homes and businesses 
we need to make choices about our energy use. 
There are multiple questions to ask about these 
choices. How much energy do you use in a day? 
What size turbine would a house need to supply 
daily energy needs? What drives decisions about 
building generation facilities (coal, wind, natural gas, 
solar, etc.)? How can we reduce or delay the need to 
build more generating plants? What can consumers 
and utilities do to manage the growing demand for 
electricity?

These questions all lead us to this section’s theme: 
conservation. Conservation, the wise use of 
electricity, is driven by consumer choices. Electric 
utilities promote conservation of energy through 
consumer choice programs and effi ciencies. 
Effi ciency is making the maximum use of a resource. 
In this section, students evaluate the daily energy 
consumption of their own household and develop 
ideas for a conservation-based consumer choice 
plan.

OBJECTIVES

1. Students understand the connection between 
energy consumption and energy production. 

2. Students evaluate the amount of electricity their 
families personally consume through an informal 
energy audit. 

3. Students defi ne electric conservation and develop 
a home conservation plan. 

VOCABULARY LIST

Conservation
Effi ciency
Power plant
Energy audit
Load management

Black out
Brown out
Peak
Off peak
Green pricing  

SUGGESTED MATERIALS

Appendix 1 (a copy for each student)
Several small electrical appliances
Incandescent light bulb
Compact fl uorescent bulb
Green power brochures from local utility  

OUTLINE

1. Energy Demands
 – Background Information
 – Student Discussion: Meeting the   

 Demand

2. Energy Conservation
 – Conservation
 – Student discussion: commoner’s laws
 – Why Conserve Energy

3. How to Conserve Electricity
 – Utilities
 – Residential
 – Appliances
 – Student Activity: Conserve Electricity  

 with Appliances
 – Lighting
 – Student Activity: Conserve Electricity  

 With Light Bulbs
 – Heating and Cooling
 – Student Activity: Conserve Electricity  

 With Landscaping
 – Water Heating
 – Student Activity: Conserve Electricity in  

 a Shower

4. Energy Audit
 – Activity Procedure
 – Further Activities

5. Electric Utilities, Wind Power and Green 
Pricing

 – Background Information
 – Student Activity: Local Green Power  

 Options

Section References
Appendix 1: Electricity Usage in the Home

7
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1. ENERGY DEMANDS

The electric company produces the electricity that we use every 
day. As consumers we take this simple fact for granted. We turn 
on our computers, lights, televisions, and we expect to have 
utility-supplied power to make each one operate. Sometimes 
we get upset when there is a “blink” (a momentary shut down) in 
electric supply that causes our alarm to blink off and on or our 
unsaved work on the computer to be lost.

The United States‚ electric transmission system is in need of 
upgrading nationwide. In some areas there is a shortage of 
generation to meet demand. An increasing human population with 
an increasing demand for electricity in homes and businesses 
causes an increasing strain on an already strained system. This 
results in blackouts and brownouts. Blackouts occur when there 
is no power available to anyone. Brownouts are a reduced amount 
of power available to consumers. For example, in August 2003 
there was a blackout in the northeastern states. In summer 2001, 
California was faced with a shortage of electricity to meet the 
demands of consumers and had rolling brownouts. The demand 
for electricity far exceeded the ability to supply electricity.  

There are ways to solve this problem. Here are four that have been 
suggested. 

 1. Raise electric rates to all consumers and invest the money   
 into electric system upgrades. 

 2.  Use government subsidies to pay for generation    
 development and system upgrades, which would likely result  
 in increased taxes to all taxpayers. 

 3. Educate consumers and teach them how to change their   
 own electric usage behaviors through conservation   
 measures. 

 4.  Manage usage through load management programs at each  
 utility. 

Student Discussion
Without further research, ask students what solution (1 - 4) they 
would pick and why.

Photo: Windward Engineering
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2. ENERGY CONSERVATION 

Conservation
Conservation is the wise use of resources. The term is used when referring to natural resources such as water, 
oil, coal, natural gas, trees, wildlife, wildlife habitat, etc. Conservation is a way to avoid depletion of natural 
resources by making them last longer. In some cases, conservation helps a resource last long enough until there 
is an alternative resource to serve the same purpose.

Another term used with conservation is effi ciency. Effi ciency is making the maximum use of a resource. It 
stresses getting the most benefi t out of each unit of a resource used.

It was in the 1960s and '70s that concerned citizen groups began to raise the consciousness of all Americans 
regarding the rates at which natural resources were being used. Conservation programs were advocated and 
a public environmental movement began. In 1972, ecologist Barry Commoner described four basic laws of 
nature in his book The Closing Circle: Nature, Man and Technology. The laws are:  (1) Everything is connected to 
everything; (2) Everything has to go somewhere; (3) Everything is always changing; (4) There is no such thing as 
a free lunch.

These principles can be applied to the way we think about our electricity use in our homes and businesses, and 
in the way electric utilities plan electrical generation, transmission and distribution. However we, as individuals 
or as a society, choose to behave in terms of electricity usage we fi nd the following: electricity use is indeed 
interconnected to other aspects of our lives because one action produces an effect on something else; almost 
everything we do to produce electricity produces some kind of waste that we have to responsibly manage; while 
an energy solution was acceptable at one time it isn’t at another time; and that there is a cost either in terms of 
money and/or environmental effects.

Student Discussion
Introduce Commoner’s Laws of Ecology. Give students time to draw connections between the four laws and 
energy usage. Discuss their ideas in a small or large group format.

Extension activity:
Read Barry Commoner’s book. Students can give their interpretation and application of the laws to their lives 
and their electric usage behaviors. 

Why Conserve Electricity
There are many reasons to conserve electricity. Conserving electricity manages the need to build additional 
power plants. A power plant is defi ned as any generator of electricity — coal, wind, natural gas, solar, etc. 
Building a power plant is a multi-year process. It involves years of planning, regulatory review, environmental 
impact review, securing fi nancing, and fi nally construction. The decision to build is based on analysis of 
conservation programs, electric demand forecasts, location of generation resources versus the location of 
electricity demand, regional generation needs by other utilities, cost of borrowing money, cost of purchasing 
power in the market when available, and other pertinent factors. The electric utility completes its analysis and 
presents it to state regulators who issue permits to build.

When it is determined that building a power plant is necessary to meet the demand for electricity, it is done 
with the understanding that all related costs will increase the cost of each kilowatt purchased by consumers. 
Therefore, conservation is a way to keep the cost of electricity to the residential and commercial/business user 
at a reasonable price. The price of electricity has an effect on regional and national economies. Increasing the 
cost of electricity in a particular region raises the cost of living for workers and the cost of doing business for 
businesses.

Conservation is responsible management of the natural resources used to generate electricity. A major challenge 
is educating consumers to consciously manage their own usage of electricity.
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3. HOW TO CONSERVE ELECTRICITY

Electric utilities and electricity consumers can work to conserve electricity. Take a look at how utilities are 
promoting conservation programs, and how residential users can make smart choices in their homes to conserve 
electricity.

Electric utilities have promoted conservation programs to their consumers for many years. They have promoted 
them in the form of load management programs and household electric usage programs. Rebate programs 
infl uence consumer purchases of energy effi cient products.

Many electric utilities have load management programs that help them to conserve and better manage electric 
loads. Load refers to the amount of electricity purchased by a group of electric customers, a single large 
customer, or a total of all customers of a single utility. For example, a utility may have a wood products company 
that it serves and might refer to it as being a 1 megawatt (MW) load. That company uses (or needs) that much 
electricity. Or, a group of residences in a specifi c area may be referred to as a 1 MW load.

Electric utilities have programs they offer to customers that help the utility manage the load in a way that helps 
customers manage their own costs. This in turn helps the utility manage its overall costs to all customers.  

Utilities have peak and off peak times for buying and selling electricity. The greatest demand for electricity is 
called peak time. Off peak times occur when there is less demand. The cost of electricity is generally higher 
during peak times. Peak times are usually in the evening, from the time most people get home to the time they 
go to bed. This is when they cook meals, do laundry, use the computer, run the dishwasher, etc.

During peak times the demand for electricity can exceed the supplier’s capacity. Then, the supplier may have to 
go to the open market to purchase more electricity to meet the demand. When the electric supply is scarce the 
cost is higher. That higher cost drives up the wholesale and retail electric rate and is passed on to all customers. 
During off peak times there may be an abundance of electricity available within the electric utility’s capacity. The 
electric rate most likely is not affected by off peak usage.

Load management programs encourage customers to postpone certain activities (such as using an air 
conditioner or clothes dryer, or taking a hot shower) to off peak times. Load management promotes off peak 
heating and dual fuel heating programs. The off peak heating program uses electricity during the night when 
demand is less. Dual fuel couples electric heat with another non-electric source (i.e. propane gas). The non-
electric source is used during peak demand times in place of electric. That saves money and conserves 
electricity. Another load management strategy is to cycle electricity for heating and air conditioning in homes. 
The electric utility, via remote control, turns the electricity off for up to a few hours to only the electric heater, 
electric water heater, or air conditioner.

Incentives encourage customers to participate in load management programs. Many utilities offer a reduced 
electric rate to customers that participate in electric cycling, and rebates are given to those who purchase energy 
effi cient appliances.

Utilities
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Residential consumers use electricity for their appliances, lighting, heating and cooling, and water heating. 
According to the U.S. Department of Energy (DOE), the average household energy usage is:

 44%  heating and cooling
 33%  lighting cooking and other appliances
 14%  water heating and
 9%  refrigeration

There are many ways to conserve electricity; here are some ideas from the DOE (and more are on their web site).

Conserve by having to go without some of the appliances you rely on by reducing the amount of energy each 
appliance uses. That is, make sure the appliances are labeled “energy effi cient” and show an Energy Star label. 
Appliances with an Energy Star label have been shown to use less electricity than their counterparts, and many 
electric utilities offer rebates for the purchase of these appliances. Examples of energy effi cient appliances are 
refrigerators with the freezer unit below the refrigeration unit, and clothes dryers with moisture sensors that 
automatically shut off the machine when the clothes are dry.

Student Activities
 1. Go shopping! Find the most energy effi cient clothes dryer on the market. What is the    
 difference in purchase price between that model and a less effi cient model? Read the Energy   
 Guide label on both machines to determine the estimated energy use (in kWh/year). Calculate   
 the cost of running each model by multiplying the kWh/year with your electric rate (found on an   
 electric bill). Which machine has a higher operating cost? 

 2. Research the Energy Star program (http//www.energystar.gov) and evaluate the energy   
 use of different appliances. 

Use fl uorescent light bulbs instead of incandescent light bulbs. Fluorescent bulbs are more effi cient and last 6 
to 10 times longer than incandescent bulbs. They are more expensive to purchase but pay for themselves by 
saving electricity over their lifetime. Look for Energy Star rated bulbs. Fluorescent bulbs contain mercury and 
must be disposed of at a special recycling location or a disposal company that takes mercury fl uorescent bulbs. 

Student Activity
More shopping! Compare a 27-watt fl uorescent light bulb to a 100-watt incandescent light 
bulb. Both give off the same amount of light but use different amounts of electricity. What is the 
purchase price of each bulb? The 100-watt bulb uses 0.5 kilowatt-hours of electricity per day 
(average use is 5 hours per day). The 27-watt fl uorescent uses 0.135 kilowatt-hours per day. How 
much electricity does each bulb use in a year? What is the energy cost per year? Calculate the 
cost of each bulb by multiplying the kWh/year with your electric rate (found on an electric bill).  

��������
��������
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Residential

Lighting

Appliances
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Buying a bigger furnace or air conditioner is not necessarily better. Instead, fi nd an Energy Star rated furnace and 
then determine the furnace size that is appropriate for the space you want to heat. Insulating the duct system 
makes heating and cooling more effi cient. A programmable thermostat is an inexpensive way to manage your 
heating and cooling. Look outside your house for more energy saving ideas. Certain landscaping techniques 
decrease potential energy loss and increase shade for better cooling. 

Student Activity
Determine the effect that trees and other vegetation have on air temperature. Compare air 
temperature differences between different sites (open fi elds/playground versus a forested area). 
Monitor these sites during several seasons. Research landscaping ideas and determine where 
trees should be planted to help reduce the energy used in heating and cooling a building.

To cut your water heating bills and conserve energy, simply use less water. You can also turn down the water 
thermostat, insulate the water heater, wash clothes in cold water, and buy a more energy effi cient water heater 
(look for the Energy Star label). 

Student Activity
How much water do you use while 
showering? Find out how long it takes your 
shower to fi ll a 1-gallon bucket and then 
determine your water use based on the 
length of time you spend in the shower. Do 
you have a low fl ow showerhead? A low 
fl ow showerhead uses less water than a 
traditional model. Using a low fl ow model, 
determine how long it takes to fi ll a 1-
gallon bucket. Compare the low fl ow head 
to a traditional head.

heating and cooling

water heating

��������
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Photo: Oak Ridge 
National Laboratory
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4. ENERGY AUDIT

How much electricity does your home use? The DOE suggests the fi rst step in determining the energy effi ciency 
of your own home is to conduct an energy audit. An energy audit collects information about a building to 
determine how energy is used and where it is wasted. Energy is wasted from energy loss (such as warm or cool 
air escaping through cracks around windows), human behavior, and ineffi cient appliances. Some electric utilities 
offer energy audits as a service to customers. However, it is possible to conduct your own informal electric 
usage audit through the following activity. 

Activity Procedures

 1.   Discuss the concept of energy conservation and energy effi ciency with the students. 

 2. Have the students complete the electrical audit on their households. The audits can be found in Appendix   
 1 of this section. This information should be as accurate as possible. If the students are unable to fi nd the   
 wattage rating for the appliance ask them to further research the product via product label information. 

 3. How often do they use these appliances in a typical day? Ask students to rank each appliance by its   
 importance to living, with a 1 being most important and 5 being of little importance. 

 4. Now take this list and determine the energy use from each of the “Number 5” items in the ranking.    
 How would the energy use of the household change if these items were eliminated from the residence? To   
 determine the effect, students need to know the average amount of electricity used in their houses each   
 day. (If possible ask students to bring in their home electric bill to report how much electricity their home   
 used in one month). 

  How would the household energy use change if the appliances ranked Number 4 were eliminated? If your   
 state was faced with an energy shortage what appliances/devices could you live without? 

 5. How much energy would the state save if we eliminated all of the Number 5 items from all households   
 statewide? (Use the approximate population based upon the 2000 Census and assume that all families'   
 energy usage is the same.) Would this signifi cantly affect the need for energy production? What would   
 it take to convince the population to give up the extras in their energy consumption? 

  One example of how we can conserve electricity is to look at the household refrigerator. An old ineffi cient   
 refrigerator uses approximately 5-10 kW per day. If Americans were to replace the ineffi cient ones with   
 energy saver models that use 1 kW per day they could collectively reduce their electriciy consumption by   
 5 kW on average. If one million households made this conversion this year, the electricity savings would be   
 a minimum of 14.6 MW. 

 6. Ask students to research information from the electric utility regulatory or energy planning agency in their   
 state. What is the need for electric production versus the availability of electric generation? Are there plans   
 in the works to address forecasted shortfalls? Ask students to brainstorm possible solutions to meet any   
 possible energy shortfalls. 

 7. Can wind power help meet the demand for electricity? Ask students to think about the pros and cons   
 of wind in terms of science, social effects and costs. What if energy effi ciency kept demand at a constant?   
 Discuss the need to couple conservation with renewables. Have them discuss their thoughts in small   
 groups, then report their processing and conclusions to the whole group. This is an opportunity for critical   
 thinking and problem solving. 

 8. Ask students to develop a personal action plan for energy conservation in her/his own household or for the   
 school. Implement the action plan for one week, then ask them to evaluate the plan. Is it realistic or are   
 there some things they would change? Ask them to explain reasons for changing the plan. 
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Further Discovery
Professional Audits
Contact your electric utility and learn about their energy audit service. What is involved? What is the cost?  

Journal Topics
Imagine your home without electricity for fi ve days. How will you cook, clean, do homework, etc.? How did 
your lifestyle change? Interview a grandparent or older person and compare their energy use to yours. Take this 
activity a step further and go on a fi eld trip to a local retirement home. Find out how older folks used electricity 
when they were your age. Write a comparison of usage.

5. ELECTRIC UTILITIES, WIND POWER, AND GREEN PRICING

Green pricing is a consumer choice that can infl uence electric utilities towards providing renewable energy 
options. Let’s take a look at green pricing, what it is, and what it has to offer.

Many utilities offer a green pricing alternative to their customers. Green pricing is a voluntary commitment on 
the part of the consumer to pay the utility more money so that the utility can invest in renewable energy such as 
wind or solar.

Currently, electricity produced with most renewable energy sources costs more than electricity generated at 
a coal fi red power plant. Even so, some consumers are willing to pay for this higher priced product through a 
green pricing program and then their utility can add renewable energy sources to their generation mix. As these 
programs become more successful and the demand for renewable energy sources increases, the utility can use 
invested money to increase the supply, which results in the price going down. Today, green power supplies less 
than 10% of our energy needs in the United States.

The cost of wind-generated electricity has decreased in the past 10 years. Wind energy technology continues to 
change, and these advances make it a reasonable option to use in a generation mix. 

Student Discovery Activity
Local Green Power Options
Students can contact their local utility and learn about the utility’s green pricing program and its 
use of wind power. These questions may help them to gather information.

 • Does the utility provide a green power option to its customers?
 • What type of energy source does the consumer purchase through the program?
 • What is the cost (to the consumer) of green power compared to their regular electric rate?
 • How does the utility inform its customers of this option?
 • What percentage of their customers participate in the program?

Journal Topic
Research the concept of renewable energy sources and sustainable energy sources. Defi ne these terms and 
compare their ideas.

Section References
Energy Conservation. Menlo Park, CA: Dale Seymour Publications, 1998.

Commoner, Barry. The Closing Circle: Nature, Man and Technology. New York, NY: Alfred A. Knopf, Inc., 1972

National Renewable Energy Laboratory. Science Projects in Renewable Energy and Energy Effi ciency.
(no city listed): American Solar Energy Society. 1991.

U.S. Department of Energy

Household Electric Usage Information http://www.eere.energy.gov/consumerinfo/save_energy.html
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Appliance Power Rating 
(Watts)

Estimated Time Used 
(hours)

Daily Electricity 
Usage (Watt hours)

TOTAL USAGE

Electricity usage in the home 

APPENDIX 1

Watts to Kilowatts - divide by 1,000 Cost for use - multiply by your kW/hr. rate
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ELECTRIC APPLIANCES ENERGY USE IN KW/HR.

Air Conditioner - Room 1.5

Air Conditioner - Central 7.5

Electric Blanket 0.075 / Night

Blender 0.35

Clock 0.002

Clock Radio 0.006

Clothes Dryer 5 / Load

Clothes Washer 0.25 / Load

Coffee Maker 0.012 / Use

Computer 0.075

Dishwasher - Normal Cycle 1 / Load

Dishwasher - Energy Saver 0.5 / Load

Fan (Portable) 0.25

Freezer (20 Cu. Ft.) 8 / Day

Garbage Disposal 0.45 / Use

Hair Dryer 0.1 / Use

Heating - Portable 1.5

Heating - Heating Central Electric 25

Heating - Blower for gas furnace 0.35

Iron 1

Lighting - Fluorescent 40-Watt 0.05

Lighting - Incandescent 100-Watt 1

Microwave Oven 0.125

Mixer 4 / Use

Oven 5 / Day

Refrigerator (22 Cu. Ft.) 0.1

Stereo Components - Cassette Player and Receiver 0.1

Stereo Components - CD Player with Receiver 0.075

Stereo Components - Radio / Receiver 0.23

Television (Color) 0.075 / Use

Toaster 0.5

Toaster Oven 0.75

Vacuum Cleaner 0.025 / Hour

VCR 0.1

APPENDIX 2





Final Assessment and References
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An assessment begins with reviewing the main concepts. Main concepts are listed as objectives on the fi rst 
page of each section. There are a variety of ways to assess students after completing the Windy Classroom 
curriculum. The assessment you choose depends on your goal for using the curriculum and the amount of 
time available for students to complete the assessment. For example, to meet the National Science Standard, 
a rigorous assessment will take place. The following list is a starting place for designing an appropriate 
assessment for your students.

Assessment options
Create a portfolio
The portfolio showcases their journal entries, projects and activities from Section 1 to Section 7.

Give a formal presentation
Students prepare and present information about wind energy. Their audience could be peers, school teachers 
and offi cials, the school board, or a city board.

Create a TV based presentation
A variety of formats could be utilized, from “infomercial” to newscast. Students could then submit their show to a 
public access station.

Design a web-based presentation
Students create their own web page to report information about wind energy, local wind speeds, model turbine 
blade design and energy conservation.

Design a computer presentation
Students use a digital camera and a digital presentation program to create a presentation about The Windy 
Classroom experience.

Write a newspaper article
Students write and submit an article or an editorial to the school newspaper and the local newspaper.

Write a formal written report
Students synthesize information into a research-based report. The topic could be general wind energy 
information or a specifi c concept from the curriculum.

Focus Questions for Assessment
A Wind Powered School
Should the school consider using wind power as an energy source? Describe the feasibility of placing a turbine 
on the school grounds. What percentage of the building's current electrical useage could be achieved with wind 
power? Discuss a green power option available to the school. Include related costs and benefi ts of participation.  

Energy Needs for your State
Describe the energy use and production forecasts for your state. What do consumers need to know about 
current and future energy production? Describe the choices consumers have pertaining to purchasing green 
power and conservation of energy. Should green power become a mandatory part of energy production? 

 final

Student Assessment
Final Assessment
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Web Site Resources
General Energy Resources
U.S. Department of Energy, Energy Information 

Administration
 http://www.eia.doe.gov

U.S. Department of Energy, Energy Effi ciency and 
Renewable Energy Network

 http://www.eren.doe.gov/education

U.S. Department of Energy, National Renewable 
Energy Labratory

 http://www.nrel.gov/data/pix/searchpix.html

Wind Energy Resources
American Wind Energy Association
 http://www.awea.org

Iowa State University
 http://www.energy.iastate.edu/WindManual/ 

Windustry
 http://www.windustry.org

Zilkha Renewable Energy
 http://zilkha.com

Turbines
Lake Michigan Wind and Sun, Ltd.
 http://WindandSun.com

Other Fuel Sources
American Coal Foundation
 http://www.acf-coal.org

American Nuclear Society
 http://www.ans.org

American Petroleum Institute
 http://www.api.org

Bioenergy Information Network
 http://www.bioenergy.ornl.gov

Fuel Cells
 http://www.fuelcellpark.com

Geothermal Education Offi ce
 http://geothermal.marin.org

National Hydropower Association
 http://hydro.org

Solar Energy Research and Education Foundation
 http://www.solstice.crest.org

WIND PROSPECTING COMPANIES
enXco
 http://www.enexco.com

Navitas
 http://www.windpower.com

NEG Micon
 http://com.neg-micon.webserver.dk

Northern Alternative Energy
 http://www.csbsju.edu/environment/wind/nae

Project Resources Corporation
 http://www.projectresources.net

WIND DATA WEB SITES
American Wind Energy Association
 http://www.awea.org

National Wind Technology Center
 http://www.nrel.gov/wind/database.html

Penn State University
 http://www.ems.psu/wx/usstats/windstats.html

Plymouth State College Weather Center
 http://vortex.plymouth.edu

Weather Service International
 http://www.intellicast.com



102

Electric Power and Batteries
Introduction to Batteries
 http://www.hepi.com/basics/pb.htm

How Batteries Work
 http://www.howstuffworks.com/battery.htm

How Stuff Works (enter “power distribution grid” in the search engine)
 http://www.howstuffworks.com

Other Curriculum
PicoTurbine
 http://www.picoturbine.com

Wisconsin's K-12 Energy Education Program
 http://www.uwsp.edu/cnr/wcee/keep/

Project Sponsors
Great River Energy
 http://www.greatriverenergy.com

Laurentian Environmental Center
 http://www.laurentiancenter.com

MN Department of Commerce
 http://www.commerce.state.mn.us

Minnesota Power
 http://www.mnpower.com 
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