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“The inventor looks upon the world and is not 
content with things as they are. He wants to 

improve whatever he sees and wants to benefit 
the world. He is haunted by an idea.”   

   
  Alexander Graham Bell

Scottish-American Inventor, Scientist, 
and Engineer (1847–1922)
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Why Study about Smart 
Energy Technologies and 

the Environment? 
Plug it in! Turn it on! Push the start button!  
Play it louder! Switch the channel!  

Our lives are filled with electronics, appliances, 
machines, and smart technologies that both entertain 
and work for us. They all require energy to “power” 
the work they do. Try to imagine a day without the 
electricity that is needed to light our homes, charge 
our cell phones, cool our foods, power our computers, 
and keep those electric vehicles on the road. 

The Grid 
Your Smart Energy Technologies and the Environment 
activity book tells how all this electricity is generated 
and how it travels over the “electric grid” to reach your 
home and school. There are numerous technologies 
at work that are part of the journey of electricity from 
where it is generated to where it is used. This unit is 
also about what it is to innovate, a few innovators, and how people have collaborated to solve problems in new ways. You will also discover in this 
study an overstressed and aging electric grid that needs updating to meet 21st-century demands for more and more electricity. You will learn 
about an evolving “smart grid” that is now being developed to better meet our present and future energy needs. 

Choices for the Environment 
The activities in this unit are only an introduction to topics you will learn more about in the future. As an adult, you will also be making “energy 
decisions” as a consumer and citizen that will impact the quality of the environment. Right now you are a consumer of energy and there are 
actions you can take each day to use less energy, conserve natural resources, and protect the environment. An energy-efficient person uses 
only as much energy as is needed to get a job done. Turning off computers, lights, and televisions when not in use is an important energy-saving 
measure. Recycling and reusing are also simple actions to take for the environment. 
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When you text a message, play a video game, take a hot shower, ride a 
bicycle, or cook a meal, you’re using energy of one type or another. Your 
smart phone is powered by a battery and charged by electricity. Your 
bicycle was built in a factory that requires energy to operate. The meals 
you cook require electricity or natural gas.  

Try to imagine the great amount of energy that is needed to “power” all 
the electronics, equipment, appliances, machines, and transportation 
that you use every day.

You Are a Consumer
When it comes to energy use, you’re much more than “just a kid.” Like 
adults, you are a consumer of energy. The U.S. Department of Energy 
(www.eia.gov) collects data about how our country uses energy and 
from which energy sources. This government agency keeps track of 
how much energy is generated each year from fossil fuels (petroleum, 
natural gas, and coal), nuclear fission, and renewable sources such as 
solar, wind, biomass, and hydropower. The government also tracks by 
part, or “sector,” how energy is being consumed. It classifies energy 
use as commercial, residential, transportation, or industrial. You 
and all your classmates, although still “kids,” are either directly or  
indirectly energy consumers in each of these four sectors.  

Defining the Sectors
The residential energy use sector is simply the way people living in 
apartments, houses, or other types of residences consume energy.  
At home, for example, you are directly consuming energy when you 
turn on a light, watch a TV program, or use a hair dryer or electric 
toothbrush. On the other hand, when you shop at a corner store or a 
mall, eat at a restaurant, or visit a theme park, you are indirectly a  
consumer in the commercial end-use sector.   

If you ride in a school bus or travel as a passenger in a private vehicle, 
on a bus, light rail, or train, you are an energy consumer in the  
transportation sector.  

When energy is produced from fossil fuels, greenhouse gases are gener-
ated. Heating a classroom, powering a computer, and lighting a sports field 
all generate greenhouse gases that contribute to global climate change. 
Visit www.epa.gov/climatechange/kids/index.html 

What’s Powering Your Day? 
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Industrial Sector 
The industrial sector accounts for 31 percent of energy end-use and is the 
largest of the four sectors in total energy consumption. One way to think 
about the industrial sector is to imagine things you use each day that were 
manufactured. For example, if you use almost anything made in a factory, 
you are indirectly a consumer of energy in the industrial sector. 

Total Energy Consumption by End-Use Sectors  

Commercial 
19% 

Residential 
22% 

Transportation 
28%

Industrial 
31% 

 Source: www.eia.gov/totalenergy/data/annual  
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The chart on the facing page 
illustrates how energy 
consumption in the United States 
takes place within the four energy 
use sectors. 

Four Sectors:  
Energy Use 
and Me
Directions:  
1.  Read and be able to summarize 

the text on page 2.  
2.  Complete the chart by listing 

under each of the four sectors 
how you are directly or indirectly 
consuming energy within that 
sector.  

Bonus: Research the amount of 
total energy used in the U.S. for 
generating electricity.  
(www.eia.gov)  

Commercial Residential Transportation Industrial
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Power Point!

Technologies require innovation. To innovate means 
to solve problems in fresh ways, often by asking new 
questions. For centuries, people used oil lamps and 
wood fires to light their homes. These sources of light 
were unpredictable and required lots of fuel. American 
inventor Thomas Edison (1847–1931) innovated when 

he developed a cleaner, more efficient solution to solve this problem. 
Edison’s incandescent bulb produced light from the glow of a wire 
heated by electricity. 

To really make his lighting innovation work better, Edison had to 
innovate further. So he built an electrical distribution system to help 
spread his innovation’s use. Soon, his incandescent bulb became the 
best choice for lighting a room.

Alexander Graham Bell (1847–1922) was an inventor, 
engineer, and scientist. He is credited as the inventor 
of the telephone and received a patent for his invention 
in 1876. Bell improved upon his design and by 1886 an 
estimated 150,000 people in the U.S. owned telephones. 
The first  transcontinental call was made in 1915. 

Imagine the impact of the telephone on people living more than a 
century ago. This invention made it possible for the first time for anyone 
to speak with a friend, family member, or a businessperson without 
actually being in the same location. Later in his life Bell even imagined 
there would be a time when people could actually see each other as 
they spoke on the phone. 

Earlier Innovations
The internal combustion engine and computers were also built upon 
earlier innovations. The people who developed them were able to do so 
by first defining the problems that needed solutions. In the case of the 
automobile, this meant the problem of finding a fuel capable of 
powering an efficient engine. 

In Your Hand
“In 20 or 30 years you’ll be able to hold in 
your hand as much computer knowledge 
as exists now in the whole city or even the 
whole world.” (Said in 1997)

Douglas Engelbart (1925–2013), American Inventor and 
Father of the “Mouse”      

The earliest electronic computers were developed in the middle of 
the 20th century. They were huge and very slow by today’s standards 
and consumed enormous amounts of electricity. Today, personal 
computers, laptops, and tablets linked to the world through networks 
are as common as light bulbs were in Edison’s time.

Technology That’s Smart
Beyond computers and engines, innovation continues. Electronic 
devices, like smart phones, are becoming smarter. That is, devices 
are able to use input from a person to take further action, without 
that person. The “further action” part is what makes the technology 
smarter. This “smartness” is made possible through ever more 
sophisticated silicon chips. The chips are tiny bits of electronic circuitry 
with programming instructions on them. The instructions tell devices 
what to do. 

New technology makes your life easier in many ways. When your 
phone uses spell-check while you are texting, or when an overhead 
light turns on automatically when you enter a room, you are benefiting 
from smart technologies! 
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It’s Great to Innovate: 
Finding Answers in Technology 
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You Can Innovate
Directions: This activity will help you understand exactly what is  
innovative about various devices we use. 

1. Read the name of the device below.
2. Answer the questions as best you can.
3.  Use the example of the shower to help complete the questions for 

the other devices. 

Example: Shower
A.  What is the question or problem behind the innovation of a shower-

head? How does someone wash themselves quickly and efficiently in 
a short period of time without using large amounts of water?

B.  What are new questions or problems raised by taking a shower? 
Showers can feel great, and people stay in too long and waste water. 
If you open a shower curtain or door, water may spray onto the floor.

C.   What answers or solutions might be obtained by applying smar 
technology to a showerhead? Sensors in the shower could determine 
how much water to deliver based upon weight and height. The show-
erhead might have a timer to keep shower length under a certain 
time. The shower head could be specially designed so that the part of 
the spray closest to the door or curtain aimed down at the drain.

Now, answer the same questions for these five items: 

Cell Phone
A. _______________________________________________________________
___________________________________________________________
B._______________________________________________________________
___________________________________________________________
C._____________________________________________________________
___________________________________________________________

Refrigerator/Freezer
A. _______________________________________________________________
___________________________________________________________
B. _______________________________________________________________
___________________________________________________________
C._____________________________________________________________
___________________________________________________________

Microwave oven
A. _______________________________________________________________
___________________________________________________________
B. _______________________________________________________________
___________________________________________________________
C._____________________________________________________________
___________________________________________________________

School Bus
A. _______________________________________________________________
___________________________________________________________
B. _______________________________________________________________
___________________________________________________________
C._____________________________________________________________
___________________________________________________________

Internet/Web
A. _______________________________________________________________
___________________________________________________________
B. _______________________________________________________________
___________________________________________________________
C._____________________________________________________________
___________________________________________________________
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Power Point!

The electricity that lights your classroom, powers the computer lab, and 
keeps the passing bells ringing has probably traveled a long distance 
from its source. There are many technologies at work that are part of 
this journey of electricity from where it is generated to where it is used. 

The fuel (energy source) that is used to generate electricity within a 
power plant has been moved by transportation technologies and by 
pipelines. From petroleum refineries, for example, ships, trucks, or 
trains move the oil to power plants, where it is used in the generation 
of electricity.

Most power plants create electricity by using an energy source to 
create heat to boil water, making steam, which spins a giant turbine. 
When water is boiled in these plants it becomes the steam that 
spins a turbine. The magnets within the turbine release electricity 
when it rotates near magnetic metal. The spinning turbine drives an 
electromagnetic shaft to generate electricity. 

Follow the Path
The photos on the following two pages illustrate the many steps needed 
to generate electricity and get it to where it is needed. Along the way, 
there are many technologies that help make this possible. Technologies 
are not only the machines, devices, or tools, but the processes (or 
methods) that are used to generate electricity.

William Stanley Jr.    
American Physicist and Inventor  
(1858–1916)
He invented and built the first trans-
former that was used for commercial 
purposes. A transformer is a technol-
ogy that is used to bring the voltage 
of electrical energy up or down. 
To learn more about William Stanley 
and other scientists who worked on 
the designs of transformers, visit  
www.edisontechcenter.org.

Directions:
Your teacher will organize the class into small groups to complete one 
or more of the following projects. Each group will report back to the 
whole class.

1.  Create a diagram to explain how the technology of a turbine- 
generator works in power plants. Be prepared to explain how the 
electromagnetic shaft operates. 

2.  Research the invention of the transformer by William Stanley Jr.  
Include in your report other scientists who contributed to the  
development of the transformer. 

3.  Develop a timeline on the “electrification” of the United States.  
Your timeline can begin in 1882 with the first U.S. power plant in 
New York City.    
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Technologies Bring Us Electricity 
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Petroleum, once purified at a refinery, is 
transported by trucks, trains, ships, or 
pipelines to a power plant.

The steam inside a generator makes a large 
turbine spin.

The spinning turbine will drive an electromagnetic 
shaft and generate electricity.

The voltage of the electric current  
(electricity) is increased in transformers.  

At a power plant, oil (or another energy 
source) is burned in large boilers to create 
steam.

Follow the path through a power plant.

The journey from a power plant starts on 
high-voltage transmission lines on tall towers.  
Electricity travels in a circular path (circuit) from 
a power plant to homes, schools, and other 
buildings.
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A substation, where the voltage is lowered, is 
the next stop on its journey. From the substa-
tion the electricity travels over smaller power 
lines. Power lines can be overhead or buried 
underground. 

Electricity passes through a meter that  
measures how much electricity is used. The 
smart meter shown here is based on wireless 
technology. Smart meters display in real time 
how much energy is being used.

The electricity goes into a service panel, where 
circuit breakers protect the wires inside a home 
or building from being overloaded. 

At the flip of a switch or “power on” 
button, electricity is at work. 

The electric current travels to areas like your 
own neighborhood, where smaller transform-
ers again reduce the voltage.

Electricity comes into homes, schools, and 
other buildings through service lines, or drops. 
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Power Point!

When we plug a cord into an outlet it might seem that the electricity 
is coming right from the wall. Actually, the electricity that powers 
computers, microwaves, electric vehicles, toasters, and other 
appliances and technologies has traveled much farther. Most electricity 
today travels on an electric grid comprised of many thousands of miles 
of transmission lines.

Voltage—Step It Up or Down
Electricity begins its journey from the power plant via high-voltage 
transmission lines on tall towers. Voltage is a measurement of the 
amount of power there is in an electric current. Voltage is reduced as 
electricity travels to where it will be used. The electricity’s “voltage”
is first reduced when it reaches a large “substation.” After that, the 
electricity is distributed over smaller power lines.

In neighborhoods, transformers, like the one illustrated on page 8, 
reduce the voltage again before electricity reaches our homes. There 
are wires, or service lines, that connect the power lines to individual 
homes and other buildings. 

Through the Wires
Once electricity reaches our homes or other destinations, it flows 
through wires inside the walls to all the switches and outlets. If a 
television or computer, for example, is being used, the electricity flows 
from the wires in the walls through power cords to make them operate. 
The electricity then flows back through the cords to the outlet, through 
the inside wires, and back to the electric grid. 

not Magic 
It is not magic, although it might seem that electricity is “just waiting” 
at the outlet or switch to be used. The electricity you use every day has 
traveled a very long way to be there when you need it. It is not “magic,” 
but it is something amazing nonetheless.

Travel the Grid 

The Grid
The electric grid (or grid) is the network of transmission 
lines, substations, transformers, and other technologies that 
bring electricity from power plants to your home and school. 
The grid is what you “plug into” when you charge a cell 
phone or turn on the television. 
www.smartgrid.gov   

Directions:
Work in small groups and select one of these projects to present to 
the class.

1.  Develop an electrical grid bulletin board with photos and/or illus-
trations of power lines, transformers, substations, and the service 
wires that connect to homes and other buildings. 

2.  Conduct a simple experiment to demonstrate how electricity flows 
in a complete circuit, or loop. Your teacher can assist by helping 
you “produce” electricity using a battery. 

3.  Create a video or PowerPoint presentation on how electricity is 
generated from power plants and delivered to homes, schools, 
and businesses.
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All the electricity that powers appliances, electronics, and smart 
phones in our country is generated from a number of energy sources. 
These energy sources are classified as renewable or nonrenewable. 
Solar, wind, biomass, and hydroelectric power are examples of 
renewable energy sources. These sources, once used, can be 
replenished or made again by nature. Solar panels using photovoltaic 
cells are an example of this. 

At the present time in the U.S. and around the world, most electricity 
is generated from nonrenewable sources such as oil, coal, and natural 
gas. These sources, called fossil fuels, are nonrenewable because they 
come from the fossilized remains of ancient plants and animals. Fossil 
fuels took millions of years to form and cannot be easily replaced. Once 
depleted, they will be gone forever. Uranium ore, which is a fuel source 
for nuclear power plants, is also a nonrenewable source. 

Moving to More Renewables
In California, many other states, and in countries around the world, 
goals have been set to increase the amount of electricity generated 
from renewable energy sources. California has set a goal of 33 percent 
of its electricity being generated from renewable sources by the year 
2020.  

Directions:  
Your teacher will organize the class into small groups to research one 
or more of the ten energy sources.

1.  Conduct your research by using three or more sources of 
information. 

2.  Prepare an interesting and visual way to present your “energy 
source” to the entire class. 

3.  Discuss as part of your presentation the pros (advantages) and 
cons (disadvantages) of the energy source or sources your group 
researched.     

Energy Sources:
Renewable and nonrenewable 

Energy Sources: Weighing the Pros and Cons
Your research on renewable and nonrenewable energy sources will 
help you discover the advantages and disadvantages of each source. 
Use the following pages to record the pros and cons of each energy 
source. 

Environmental Impacts 
When fossil fuels are burned in power plants to produce 
electricity, pollution and greenhouse gas (GHG) emissions 
are released into the atmosphere. About 33 percent of GHG 
emissions in the U.S. come from the production of electricity. 
These GHG emissions contribute to global climate change. 
Visit www.epa.gov/climatechange/kids/index.html 

Power Point!
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Energy
Sources Pros Cons

Biomass

Coal

Geothermal

Hydropower



12 13

Energy
Sources Pros Cons

natural Gas

nuclear (Uranium)

ocean

Petroleum (oil)
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______ renewable 

______ geothermal 

______ fossil fuels

______ uranium

______   greenhouse gas  
(GHG) emissions

______ photovoltaic (PV) cells 

______ coal

______ wind farm

______ distributed generation 

______ Hoover Dam

______ biomass 

______ hydropower 

______ wood

______ finite 

______ tidal energy

Energy
Sources Pros Cons

Solar

Wind

Make a Match  
Review what you have read and learned about renewable and nonrenewable energy 
sources. Connect the phrases or sentences below with the correct word or words.  
To make a match, write the correct letter on the lines.

a A word to describe a resource that is nonrenewable

b The largest hydro plant in the U.S.

c Any organic matter that can be used as a source of fuel 

d A technology for generating electricity from the sun

e One type of ocean energy 

f An element used in nuclear power plants 

g Energy source from deep inside the Earth  

h Something that can be easily replaced or made again by nature 

i The renewable energy source that generates more electricity than any of the other 
renewables

j The fossil fuel that is most used at present in the U.S. to generate electricity

k The generation of electricity at or near to the place where it is being used. (e.g., solar 
panels on homes) 

l The largest biomass energy resource

m A nonrenewable energy source

n A location where a large number of very tall turbines are grouped together to produce 
electric power

o This is released into the atmosphere when fossil fuels are burned to produce electricity
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The Electrical Power Grid       
Our U.S. electrical power grid is an amazing system of power plants, 
transmission lines, transformers, and distribution stations that send 
electricity into our homes, schools, stores, and businesses. This 
electrical power grid is now over one hundred years old. It began 
when automobiles, telephones, and airplanes were new. The electric 
grid has changed a lot since the 1880’s, when Thomas Edison helped 
develop the first U.S. power plant in New York City. This early power 
plant brought electric lights to only a very small section of New York 
City. Even fifty years after this first power plant started operating, 
most homes in the U.S. were still lit with gaslights and candles.   

Miles and Miles
Edison probably did not envision our 21st-century electric grid with 
its more than 200,000 miles of high-voltage transmission lines and 
5.5. million miles of distribution lines. Who might have imagined, at 
the time of Edison, a grid with more than 9,200 electric-generating 
plants with more than 1 million megawatts of capacity to generate 
electricity? The grid as it spread across the U.S. in the 20th century 
was improved and updated as new technologies were developed. 
However, in its basic makeup, the electric power grid has changed 
very little.

Increased Demand
Since the time of Edison, our country has also grown in population 
and in the use of appliances, electronic equipment, and technologies 
requiring electricity. 

The increased demand for electricity comes in response to the needs 
and wants of consumers. The U.S. has an “aging” electric grid that 
needs updating to meet these demands. As a result, the building of 
a “smart grid” in the U.S. and in many other countries is underway 
and the smart grid itself is evolving. Section II of this activity book 
will focus on how the new technologies and equipment of the smart 
grid will help meet the energy demands and challenges of the 21st 
century. 

20th Century: Electrification 
Try to imagine all the things that were made possible by the 
electrification of the U.S. Is this why the National Academy of 
Engineering (NAE) put electrification at the top of the 20 greatest 
engineering achievements of the 20th century? 

Electrification was followed by the automobile and the airplane in 
second and third place. Radio and television took sixth place and 
telephones ninth place. Computers were designated as the 8th 
greatest engineering achievement, highways as number 11, and the 
Internet as number 13. A list of all twenty achievements from the NAE 
can be found at www.greatachievements.org.
 

A Great Engineering Achievement

The Greatness of the Grid
The National Academy of Engineering calls electrification the 
“greatest engineering achievement of the 20th century.” 
www.greatachievements.org
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Directions: Work in small groups to complete the following activities.

1.  Review the list of the greatest twenty engineering achievements 
of the 20th century. Tally and report on how many of the “achieve-
ments” you and members of your group used today. 

2.  Be prepared to report on at least 10 technologies used at your 
school that were made possible by electrification. 

Engineering Achievements 3.  Imagine a future time when the greatest engineering  
achievements for the 21st century are written. On the chart,  
list some engineering achievements you think would be included. 
Would the smart grid be on the list? Be prepared to tell why you 
selected these to be on your 21st century list.

4.  Prepare a group presentation on one of the 20th-century achieve-
ments on the NAE list. Include how this engineering achievement 
impacted people in the U.S. and around the world. 

The Achievements                            Why Selected?

Chart for 21st Century
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outages and Blackouts  
If you ask most people about power outages, they will almost always 
have an experience to tell you. Perhaps it was the night they had to 
use flashlights or candles for light, and there was no television to 
watch. Or the time all the streetlights and signals stopped working 
and the ATMs wouldn’t dispense any money. 

Some of your family members might have experienced the largest 
blackout in North American history which affected some 50 million 
people. It began on a hot afternoon in August 14, 2003, and struck 
eight states in the Northeast and Midwest plus the province of  
Ontario, Canada. The blackout lasted for two days in some of the
affected cities and states.
   
Creaky and Antiquated  
Newspaper reports about the 2003 blackout used words like 
creaky system, faulty, and aging to describe the electric grid. A state
governor called  the electric grid “antiquated” and much in need of 
modernization. President George W. Bush (2001–2009) called the
situation “serious” and at the time stated that the grid needed to be 
modernized. Meanwhile, utility companies and government
officials could not “pinpoint” how this massive blackout happened. 

overloaded Distribution System
The weather on that summer day in 2003 was very hot. There was a 
huge demand for electricity to power millions of air conditioning (AC) 
units in homes, businesses, and offices. The surge in demand for 
power is believed to have helped cause the grid to fail.

Electricity flowing into and out of various parts of the electric grid 
must be carefully balanced. If it’s not, an outage or a blackout can 
occur. The blackout of 2003, affecting such a large geographic area, 

demonstrated how interconnected the electric grid is. This massive 
event in 2003 also showed the need for an updated and smarter 
electric grid. 

What’s Dumb about it?
“The current electricity system we have now would work fine if it was 
1950. The power gets here most of the time, but the companies that 
generate and distribute power often don’t know what’s happening in 
real time. Moving to a smart grid would be like merging the Internet 
with the dumb electric grid we have NOW.”
Vijay Vaitheeswaran (Author and Magazine Correspondent) from 
“Toward a Smart Electric Grid,” A NOVA PBS Program

Wanted: A Smarter Grid   

Power Point!

Blackout of August 14, 2003
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Read Wanted: A Smarter Grid and work in small groups to complete the 
following questions and activities. 

1.  What are five or more factual things you recall about the 2003 power 
blackout?   
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________

2.  How was the electric grid being described at the time of the 2003 
blackout?  
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________

Bonus: Research newspaper articles written in August 2003 about this 
power blackout. What were the costs of the blackout? Share your  
information with the entire class.

Review, Recall, and Connect   3.  Review and summarize the text in the Power Point box. Why do you 
think the author made reference to the Internet? 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________

Bonus: Watch the PBS NOVA program,“Toward a Smarter Grid” 
or similar YouTube videos your teacher will recommend.

4.  What are the connections between weather and increased demands  
for electricity?  
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________ 
________________________________________________________

Bonus: Research and explain peak demand, peaker (surplus) plants, 
and demand response. 
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Over time, Alexander Graham Bell’s telephone has evolved into a 
complex “smart” mobile communication device. This evolution took  
place over a century of technical improvements and the introduction  
of new technologies.

The United States’ electric power grid is evolving too—from an aging, 
outdated, over-stressed system to an “intelligent” or smart grid. 
According to the U.S. Department of Energy, the new grid will have 
million of parts that include controls, computers, power lines, and other 
equipment. Before the grid’s evolution is complete, new technologies will 
have to be perfected, new equipment installed, and systems tested. 

Two-Way Communication
Two-way communication between an electric power company and 
its systems will be a feature of the smart grid. Sensors along the 
transmission lines will alert operators in “real time” where there are 
problems. When power outages occur, technologies will detect and 
contain them before they become larger-scale outages. Smart grid 
technology will help restore electricity quickly after an outage. How 
useful better two-way communication would have been during the 
blackout of 2003!

Two-way communication between an electric power company and its 
customers is another feature of the smart grid. For example, a customer 
will be able to use a computer or hand-held device to see how much 
electricity is being used in real time and how much it costs. Customers 
can also be alerted at times of high electricity demand so that they can 
turn off some appliances until the need for power lessens.

Renewable Energy Sources  
The smart grid technologies and equipment will be able to expand the 
amount of clean energy sources like wind and solar power that are used 
to generate electricity. The use of more renewable energy sources will 
decrease the amount of greenhouse gas (GHG) emissions and pollutants 
from power plants burning fossil fuels. The smart grid, by integrating 
more renewable energy sources, will help create a cleaner and more 
energy-efficient world. 

Distributed Generation
Electricity generated from renewable energy sources located near the 
end-user is called distributed generation (DG). A school, home, or small 
business powered by electricity generated from rooftop solar panels is 
an example of DG. A farm that generates its electricity from solar, wind, 
or biomass would be another example of DG. Unused electricity from a 
small supplier can be sold back to the local utility. A school, for example, 
with rooftop solar panels can send its unused electricity to the grid and 
get credit for it.   

new Technology
The electric grid is developing with new technologies to become a much 
more complex, smarter, and intelligent system. The grid is evolving into 
a smart grid for the 21st century.

Evolving Piece by Piece
“The smart grid will consist of millions of pieces and parts—controls,  
computers, power lines, and new technologies and equipment. It will take 
time for all the technologies to be perfected, equipment installed, and systems 
tested before it comes online. And it won’t happen all at once—the smart grid  
is evolving piece by piece over the next decade or so.” 
What is the Smart Grid?  www.smartgrid.gov 

Evolving: A Smart Grid   

Power Point!
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Create a KWH chart by 
first listing what you already 

know (K) about the smart grid. 
next write what (W) you would 

like to know and how (H) you plan 
to find out this information.

Find several quotes on “technology” 
to share with the class.

Create a word wall with your own 
quotes on technology.

Research YouTube 
videos that will help 

explain the smart 
grid to students in 

your class.

Define the word 
sensors. Provide 

examples (and photos) 
of various types of 

“sensors.”

Create a diagram 
to explain why 
a smart phone 
can be called a 

“complex mobile 
communicator 

device.”

Technology Tasks Directions:
1.  Select a task from one of the screens.
2. Work with partners to create a presentation.
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Smart technology is everywhere. As you walked into a classroom 
today, did the lights go on automatically and go off when everyone 
left? This type of motion-sensitive lighting is “smart” because it’s 
programmed to help conserve energy in case humans forget to do so.   
Smart technology means phones are no longer just for talking. Smart 
phones can wake us up, give us driving or walking directions, take 
photos, remind us of appointments, help us manage money, and even 
let us play a game of chess with someone living on another continent.

Technology + Wireless x Energy Use = A Smart Equation
We use innovative, wireless technology every day at school, in our 
homes, and when moving from place to place. Why not measure energy 
usage using the same wireless technology? Traditionally, measuring 
energy use was done with analog meters. Utility companies have used 
analog energy-measuring technology for over 100 years. 

Innovative smart technologies are being linked through wireless 
communication to create a  smarter energy meter. The smart meter 
uses digital technology, much like a cell phone. Smart meters are able 
to measure energy in much smaller amounts and more often. Smart 
meters are capable of measuring energy use by the day, the time of 
day, by the hour and even by source, whether that source is a power 
plant, or a rooftop solar panel.
  
Time of Use  
The digital technology in smart meters also provides a way for utility 
companies to adjust prices to the time of use. This way, families can 
make decisions about limiting their energy use during peak-demand 
periods or by shifting to hours of non-peak demand. Smart meters 
also save gallons of gasoline and reduce CO2 emissions and pollution. 
Instead of a meter reader going from house to house to read meters, 
utility companies can remotely read and measure how much energy is 

being used. The smart meter automatically sends (“broadcasts”) this 
information in digital form back to the utility.  

Going Global
Around the world, smart meter use is growing. Many countries besides 
the U.S. are installing this new technology. There are an estimated 1.5 
billion electricity meters worldwide and more than 25 percent have 
been converted to use “smart” technology for measuring energy use. 
The smart meter technology is an example of one of the many, many 
possible applications that will be part of the smart grid. A smart meter 
is an enabling device for the evolving smart grid. 

  

 

Smart Meters and Smarter Measures

Power Point!
Smart meters create 
automated two-way com-
munications between a 
utility and a customer. They 
are electronic devices that 
measure and record in “real 
time” the electricity used by 
a customer. 

These digital smart meters 
are replacing old analog 
meters that have been in 
use for over a century. 

The Future
Smart meters are enabling 
devices for the evolving 
smart grid.
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Just like smart meters, we can think of many other devices, programs, 
applications, and machines that are smart. When technology improves 
something and it becomes automated and “thinks,” it is called “smart.” 
Can an elevator be called smart? If you enter while the doors are 
closing, they will stop closing and return to an open position. What 
makes this a “smart” machine are the light sensors in the door that 
detect motion and are programmed to keep the doors open for a 
person boarding the elevator. How did earlier elevator doors work 

How Smart Is Your World? before they became so smart? Elevators all had people who operated 
the doors and detected when it was safe to close the doors. 

Directions:
1. Develop a list of “smart” devices that you use in your life.
2. Complete the four columns in the chart below. 
3. Be ready to discuss your “smart” devices with the rest of the class.

Bonus: Work with a partner to develop an idea for a “smart” device that 
you would like to have. 

Smart Devices in My Life  What It Does How It Worked Before It was
a Smart Device

How the Device Makes Life Easier 
(or saves time or money) 
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You have learned about primary energy sources, like oil, natural gas, and 
biomass, and about a secondary energy source called electricity. These 
are the sources each day that power all our technologies, equipment, 
and appliances. Another kind of “power” can come from the imagination 
of a person who thinks critically and experiments with new ideas. Who 
could have imagined centuries ago that energy from the sun, a star 93 
million miles away, could power a radio, a home, or a factory? Who might 
have imagined an entire neighborhood or farm powered by a a 100-foot-
tall windmill? Inventions often begin with the idea of an individual or a 
group of people on how to produce a new product, improve on an existing 
technology, or change a production process.

Power of Ideas 
The power of ideas can bring about new technologies or improve on 
earlier inventions. Thomas Edison, for example, improved upon the 
telephone that was earlier invented by Alexander Graham Bell. Over 
time Edison also improved on many of his own earlier inventions. 
Imagine how inventions like the telephone, the airplane, the X-ray 
machine, robots, television, and computers all allowed people to do 
things they could never do before. Robots, for example, have not only 
made factories more efficient, but are being programmed to assist with 
surgical operations. 

The electric grid, or the electrification of the U.S. in the 20th century, 
can be called a revolutionary invention. Electrification had a huge 
impact on the way people lived and worked. Without this engineering 
achievement of the 20th century, there would be none of the electronic 
technology we have today.

Jules Verne (1828–1905)
Why Famous? Verne created popular books which 
foresaw many amazing and imaginary inventions that 
became reality decades later. 
Imagination Power: In the late nineteenth century, 
French author Jules Verne wrote novels that depicted 

revolutionary technologies that were not yet fully developed, 
including electric-powered submarines and televised newscasts. He 
envisioned people living in environments other than on the surface of 
the Earth. Jules Verne described travel over much longer distances 
than could be achieved when he wrote in the 19th century.
Launching pad for exploring: powering environmentally friendly 
transportation. 

George Washington Carver (1864–1943)
Why Famous? Born into Civil War–era slavery, 
Carver developed revolutionary farming techniques 
along with industrial uses for many crops. 
Imagination Power: Carver found education 
wherever he could, eventually obtaining his own 

university laboratory. There, he invented ways to strengthen farming 
soils through crop rotation and planting crops like peanuts and sweet 
potatoes, as well as discovering hundreds of industrial uses for 
peanuts. 
Launching pad for exploring: bio-fuels, bio-generation.

Marie Curie (1867–1934)
Why Famous? Curie discovered key chemical and 
physical principles about radioactivity and two 
elements, becoming the first female Nobel Prize 
winner.
Imagination Power: Marie Curie persisted in 
examining theories about the behavior of atomic 
particles and light until she figured out how 

radioactivity worked. She explored many uses for her discoveries, 
including some in medicine.
Launching pad for exploring: uses, concerns about radiation, and 
medical technology.

The Power of Imagination  



22 23

Power Point!

Buckminster Fuller (1895–1983)
Why Famous? He invented cool shapes, like the geodesic 
dome, and created prototypes for more efficient cars and 
houses, and he focused on issues of sustainability.
Imagination Power: Even though the tools didn’t exist 
to make solar power reliable, Fuller envisioned a world 

where it would be commonplace. He experimented in this area and wrote 
about how the future might look.
Launching pad for exploring: energy-efficient homes and interior 
architecture.

Testing the Power of Your own Imagination    
A good way to start the imagining process is to think about a problem.
You might imagine that in the last century, before the telephone, it was 
a problem not to be able to talk to a relative, a friend, or a business 
partner without being with them in person. Think about a problem in 
our world that needs a solution. For example, how to power individual 
transportation vehicles with renewable energy, affordably and 
quickly. Saying, “If only” could be the start of thinking that can yield 
imaginative answers to problems or challenges. 

Directions: 
1. Sketch out a problem, either visually or in words.
2.  Use a brainstorming technique, such as a word cloud, free 

association, or dialog with a classmate, to develop your solution(s). 
Remember not to let details keep you from moving forward. You can 
expand on those challenges later.

3.  Write or draw your solution; make sure it refers back in some way 
to your original vision—the product of your imagination.

Power of Imagination
Directions: 
Your teacher will divide you into small groups for this activity. 
1.  Create a list of four people like the ones you read about on this 

page for your group to research. (A list of people you might want to 
research for this assignment will be provided by your teacher.) 

2.   Describe for each individual the following:  
a. Biographical information  
b. Why he or she is famous  
c.  How they used their imagination to solve a problem or meet a 

challenge in science or in other endeavors.

“Imagination is everything. It is the preview of life’s 
coming attractions.” 
Albert Einstein, German-born American physicist  
(1879–1955)
 

Create your own Template
name of Inventor or Innovator

________________________________________________________________

________________________________________________________________

Biographical Information

________________________________________________________________

________________________________________________________________

Why Famous?

________________________________________________________________

________________________________________________________________

How Did He or She Use Their Imagination?

________________________________________________________________

________________________________________________________________
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Imagine a job in your own future that can help protect the environment 
or save energy and other natural resources as part of the work you do. 
These jobs are called green jobs. Green is not only the color of much plant 
life, but it has come to represent our environment and its protection. 
Green jobs are jobs that contribute directly to preserving or enhancing 
the quality of our environment. Green jobs exist in every sector of the U.S. 
economy. From a fabricator of solar panels to a farmer who grows organic 
vegetables to a plumber who specializes in low-flow shower fixtures. This 
is all “green” work, and in our country alone many millions of green jobs 
already exist. Some green jobs require advanced college degrees, and 
others require apprenticeships, on-site training, or certificate programs 
obtained after high school. Community colleges in California offer a 
number of courses and certificate and degree programs to prepare 
workers for green jobs. 

Goods and Services  
Goods and services is a basic economic concept. Goods are things we 
consume and use, like a phone, clothes, food, games, or shampoo. Goods 
are something we can touch. Services are things that are done for us. 
A haircut, a bus ride, a swimming lesson, and a medical exam are all 
services. School principals, bus drivers, electricians, hair cutters, and 
actors all provide services.  

Jobs and Careers
Jobs and careers can also be classified into those who provide goods and 
others who provide services. Some goods discussed in previous readings 
include computers, smart meters, and sensors and communication 
devices for the smart grid. 

Imagine the number of green jobs for men and women who provide 
services related to smart-energy technologies. There are engineers 
who analyze all phases of energy distribution, electricians who install 
equipment, and writers and Web designers who help explain the smart 
grid to consumers. There are also the scientists who look for solutions 
related to energy storage, longer-lasting batteries, and the distributed 
generation of renewable energy sources. 

Some green jobs involve manufacturing goods, like wind turbine 
blades. These jobs include the hands-on work in a wind turbine blade 
factory along with the work done by designers and management 
people. Once the turbines are installed, there are the additional 
jobs of maintaining and repairing the blades. At the wind farm 
site, workers also monitor the speed of the wind and analyze the 
environmental impact of this renewable energy source. 

Construction and Agriculture Too
Increasingly, buildings and houses are being designed and 
constructed to meet specific energy-efficiency standards related 
to heating, cooling, lighting, and construction standards. Buildings 
meeting these are given a designation of LEED. LEED is an acronym 
for Leadership in Environmental and Energy Design. A truly green 
building can save energy and sometimes even generate enough 
energy to return some back to the power grid. 

Green jobs can also involve the foods we eat. Farmers growing 
organic crops, meaning without pesticides, and those using other 
sustainable agricultural practices are doing “green” work too.

Green Jobs
These are jobs that provide goods or services that benefit the  
environment or conserve natural resources, and they are jobs in 
which the workers establish production processes that are more 
environmentally friendly or use fewer natural resources. 
Definition from U.S. Department of Labor   www.bls.gov    
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Greenwork

Power Point!
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A Green Job in Your Future   
There will be many ways to work green into your future. Many jobs and 
careers that benefit the environment have not even been invented yet. 
Now is the time to become aware of jobs and careers that could be in 
your own future. Your class could explore careers up close by inviting 
people already working in green jobs to speak at your school. Field 
trips can also be planned to job sites where an emphasis is on products 
(goods) or services that help preserve or enhance the quality of our 
environment.

Directions:   
Work in small groups and select one of the following green career 
projects to research and conduct.
name of Project _____________________________________________

Group Goal (state what you plan to accomplish) ____________________

___________________________________________________________

___________________________________________________________

The Green Squad
Create a plan to green the 
school. Define the jobs that are 
needed to make this happen. 
Identify what makes these jobs 
green.

Energy Careers in Focus
Develop a bulletin board with a theme of working in an energy-related 
field. This display should reflect what you have learned in this study 
about smart-energy technologies.

A Mural of Green Careers 
Group members should each define their interests and relate these 

interests to jobs and careers that are 
considered green. Create a mural 
that depicts the green jobs and 
careers you have identified.

Interviews—Live or Virtual
Invite, with your teacher’s help, 
people working in green careers to 
speak to your class. Develop a set of 
questions before the interview. Use 
technology if the interview cannot be 
done live in the classroom.

 

  
. 
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Are you using more energy than you need to use? Do you turn off your 
computer when you have finished your homework? Are there phone 
chargers plugged in when they are no longer in use? Do you turn off 
lights in empty rooms? The language of energy measurement and 
some simple calculations can help you find out if you are using too 
much energy.

Factors to Follow 
The cost of operating a motor vehicle can be determined by two 
measurements: the amount of fuel used by the vehicle per mile, 
called  miles per gallon (MPG), and the price of the fuel per gallon. 
In our homes, we measure the electricity used to power cell phones, 
televisions, and air conditioning units in watts. What varies are factors 
like the duration of this energy consumption. Duration is the number 
of minutes or hours the lights or air conditioner are working or a 
video game is being played. Another factor is the amount of energy 
needed to do its job. An energy-efficient compact fluorescent light 
(CFL) or light-emitting diode (LED) bulb will use less electricity to 
light a room than an older incandescent bulb. An energy-efficient 
television, dishwasher, or water heater designated as ENERGY STAR® 
will use less electricity than other models. Another measurement 
factor is the cost an energy utility company will charge for electricity 
by the hour.

Watts and Therms 
The measurement unit for electric power is the watt. A flat-screen 
television, for example, uses approximately 120 watts per hour. One 
thousand watts, or one kilowatt (kW), is used to measure the amount 
of power used at a home or office. Energy utility companies charge 
an amount for every thousand kilowatts used per hour (kWh), such 
as 15 cents per kilowatt-hour. The average U.S. family uses about 
10,000 kWh annually—so power costs can add up. The measurement 
for natural gas is in units of therms and not watts. One therm is the 
equivalent of burning 100 cubic feet of natural gas. 

Where Does the Money Go? 
Each year an average California family pays approximately $1,600 
for its home utility bill. Due to climate, weather patterns, home size, 
and personal energy demands, an annual utility bill could be much 
higher or lower than the average. Some homes use both electricity and 
natural gas, while others use only electricity. Propane is also used for 
heating and cooking in some areas of the state. The bar graph on page 
27 illustrates how the cost of energy is distributed in an average home 
in the United States.   
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Using the Language of 
Energy Measurement  

WoRD PoWER!
watt – A measure of power.
kilowatt – A unit of electric power that equals 1,000 watts.  
(Imagine: A flat-screen TV uses approximately 120 watts per hour.) 
kilowatt-hour (kWh) – A measure of electric power used  
over time. It is equivalent to 1,000 watt-hours. 
therm – A measurement of usage of natural gas. A therm is the energy 
equivalent of burning 100 cubic feet of natural gas. 
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Directions: 
Analyze the bar graph and what you have read about energy 
measurement to complete the following:

1.  In an average home, ___________% of a utility bill is for heating 
water and another ___________% is used for space heating.  
An average California home would pay $_______________ annually 
for these heating functions.

2.  Lighting and electronics in an average home account for 
___________% of a utility bill. These two items would annually 
 cost an average California family ___________ dollars.

3.  What are six or more energy-saving personal actions you could sug-
gest to a family so they could consume less energy and save money?  

_________________________            _________________________   

_________________________            _________________________   

_________________________            _________________________

 4.  What energy-saving “technologies” would you recommend to be 
installed at your school?  

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

29% 
Space 

Heating

17% 
Cooling

14% 
Water 

Heating

12% 
Lighting

13% 
Appliances

11% 
Other

Source: U.S. Environmental Protection Agency 

4% 
Electronics

Where Does the Money Go?

Bonus: Measure the annual cost of one appliance or a piece of elec-
tronic equipment you use most days. (Your teacher will help you find 
the wattage.) Use the following formula: 

(Wattage × Hours Used per Day) ÷ 1,000 = Daily Kilowatt-Hour (kWh) 

Multiply this by the number of days you use the device/appliance 
during the year to determine the annual consumption. You can then 
calculate the annual cost to run an appliance by multiplying the kWh 
per year by your local utility’s rate per kWh consumed. 
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Actions for the Environment
Simple actions like turning off electronic equipment when not in 
use, dimming the lights on a sunny day, and keeping windows closed 
when the air conditioning (AC) is working can be part of a school-
wide effort to green the school. These are all “green” behaviors that 
can reduce energy consumption, conserve resources, and protect 
the environment. Not every school building in the U.S. was built to be 
green and energy efficient, but every classroom and school can take 
“green” actions for the environment.     

Student Power 
All across the United States and in countries around the world 
students are conducting environmental projects at their schools. 
Energy patrols, recycling campaigns, edible gardens, tree planting, 
waste-reduction contests, and student-led energy audits are typical 
projects. Some green school projects focus on biking or walking 
safely to school instead of traveling by car. Others students have 
implemented no-idling zones near the school to reduce pollutants 
from cars and school buses. Some classrooms have implemented 
paper-less days and planned social events with only reusable 
plates and cups. Other student groups make video reports to local 
school board members recommending energy-saving measures 
and technologies for their schools. These reports are based on an 
analysis of where energy is used (and wasted) and what technologies 
could promote energy savings. 

Directions: 
1.  Work in small groups to brainstorm ideas for green projects.  

Later all groups will develop a composite list of ideas.
2.  Present your ideas to the principal, other teachers, or parent  

volunteers at your school. Get everyone involved! 
3.  Select one or more of the green projects to accomplish during the  

semester or school year.
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Greening the School
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Power Point!
Remember: Websites are continually updated and redesigned. 
Some addresses listed here may have changed. If you find that 
an address no longer works, try this: Go to the site’s home page. 
You may find a link there to the resource you are looking for, 
or the page may include a search box. You can also search for the 
material you want by entering the name into a search engine.

Connecting to the Web
Visit these websites, to learn more about renewable and nonrenew-
able energy sources and to view diagrams on how energy is generated 
and distributed. There are animations on global climate change and 
ways to measure your carbon footprint. Puzzles, games, ideas for 
science fair projects, and virtual field trips to power plants are all 
here to discover.  

www.eia.doe.gov/kids
Energy Ant hosts this U.S. Department of Energy website. This site 
provides extensive information and diagrams for each renewable and 
nonrenewable energy source. 

A section on virtual field trips includes a hydropower plant at Hoover 
Dam, a waste-to-energy plant, a solar rooftop, and wind turbines off 
the coast of Massachusetts. Navigate this site by inputting keywords 
in the upper-right corner.   

www.energyquest.ca.gov
This website features diagrams, photos, and illustrations about 
renewable and nonrenewable energy sources. There are interactive 
games about energy conservation, puzzles, energy surveys, science 
projects, and biographies of scientists. Energy Quest has an extensive 
glossary and special sections on how things work and a place
students can ask a scientist their questions. This site is sponsored 
by the California Energy Commission. 

www.epa.gov/climatechange/kids/ 
This website features interactive games, links, and animations to help 
explain the greenhouse effect and global climate change. The site 
also provides information on ways youths can save energy, conserve 
natural resources, and protect the environment.   

www.energystar.gov/kids  
Find out at this interactive site why your planet needs you. You will 
discover more about energy sources, global climate change, and 
actions to save energy.     

www.eere.energy.gov/kids  
A variety of interactive games and activities is found on this 
Department of Energy website. The site includes information on a 
solar house, a scavenger hunt, and a range of resources for science 
fair projects. 

www.nrdc.org/greensquad
View a Green Squad animation to get you started on classroom and 
school projects for the environment. An animation will open your 
eyes to many greening actions and resources.
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ACRoSS
1.      Ways that energy utilities and consumers can better manage when 

and how they use energy. (two words) 
7.      The amount of power there is in an electric current. 
11.    A machine with blades used in the production of electricity. 
12.     All energy sources should be analyzed by looking at the pros and 

____ of each source. 
14.   A nonrenewable energy source. 
15.   Gases that trap heat in the atmosphere are called. (two words) 
17.   _______ gas is a nonrenewable energy source. 
20.   Inventor who helped develop the first U.S. power plant. 
21.   A secondary energy source converted from a primary energy source. 
24.   Called the “greatest engineering achievement” of the 20th century.
27.    Smart grid technology that enables all parts of the grid to “talk” to 

each other. (two words) 
29.   An element used in photovoltaic cells. 
31.   The contamination of air, water, or soil by harmful substances. 
32.   Electricity is measured by the amount of ____ it does. 
33.   A renewable energy source from deep inside the Earth. 
34.    __________ generation describes electricity produced near where it 

is used. 

DoWn
2.     Oil is an example of a ____________ energy source. 
3.       Energy __________ means using less energy to do the same 

amount of work. 
4.     A renewable energy source. 
5.     An element used in nuclear plants for generating electricity. 
6.         Environmental impacts of energy use can be reduced by  

shifting time of use outside ____ _____. (two words) 
8.     In power plants, a spinning turbine drives an _______ shaft. 
9.       Wood chips, animal manure, and switch grass are all 

_______. 
10.   Oil, coal, and natural gas are called ______ _____. (two words) 
12.     The smart grid with its digital technology allows for two-way 

_____________ between a customer and a utility company. 
13.   ______ _______ is a greenhouse gas. (two words)
16.    Green is a word often used to describe products and services 

that are friendly to the ___________. 
18.   A measurement for the use of natural gas. 
19.     Heat-trapping gases are warming the planet and contribute 

to global _______ ______. (two words) 
22.     The renewable energy source most used around the world to 

generate electricity. 
23.    A technology used to increase or decrease voltage on the grid. 
25.     The _________ of the telephone made communication  

possible without being face to face. 
26.   A measurement for the use of electricity.
27.   Utility meters are either ______ or digital. 
28.     Peak period is the time of day when demand for electricity is 

the _______. 
30.    In a power plant, it is the ________ inside a generator that 

makes a large turbine spin.  

Crossword Grid 
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Glossary
advanced metering – Electricity meters that use two-way 
communication between a utility and its customers.   

alternative energy – See renewable energy.  

appliance – A type of equipment, usually powered by 
electricity, used to perform a function. Common  
appliances include dishwashers, refrigerators, 
microwave ovens, and televisions.

atmosphere – The whole mass of air surrounding the 
Earth.

atom – The smallest unit of matter. 

base load – The minimum amount of electric power  
delivered or required at a given time. 
 
battery – A device that stores energy and produces an 
electric current.

biomass – Organic materials such as agricultural crops, 
plants, garbage, or wood that can be used for the  
production of energy.
 

blackouts – A time when there is a total interruption of 
electricity. 

carbon dioxide (CO2) – See greenhouse gas.  

chemical energy – Energy that is stored in a substance 
that is released during a chemical reaction. Chemical 
energy, for example, stored in batteries, can be changed 
into electrical energy.

circuit – A circular path that an electric current travels. 

climate – The average weather in a place over a long 
period of time.

climate change – Refers to any significant change in 
measures of climate (such as temperature, precipitation, 
wind) lasting for an extended period of time (decades or 
more). www.epa.gov/climatechange/basics/

coal – A fossil fuel and a nonrenewable energy source.   
Coal comes from the remains of plant life that lived  
millions of years ago.

conservation – The management, protection, and wise 
use of natural resources. 

current – The flow, or movement, of electricity.  
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demand response – Programs and ways that energy 
companies (utilities) and consumers can better manage 
when and how they use energy. Using less energy during 
peak-demand hours is an example of demand response. 

distributed energy generation – The generation of 
electricity near to the place where it is being used. 
On-site distributed energy generation examples include 
a school powered by solar panels, a farm powered by 
its wind turbines, and an office building powered by fuel 
cells.

electric grid – All the networks that carry electricity from 
power plants to where it is used. The grid includes power 
lines, substations, transformers, distribution wires, and 
more. 

electric vehicle (EV) – Any motor vehicle that is powered 
by electricity: all-electric vehicles, hybrid electric 
vehicles, and plug-in hybrid electric vehicles.

electrical energy – The movement of electrons. 

electricity – A secondary form of energy that is used for 
lighting, heating, and powering forms of transportation.

electrification – A term to describe how electricity gets 
from a power plant to energy consumers.

electromagnetic – Having to do with magnetism produced 
by an electric current.

electron – The basic particle that orbits the nucleus of an 
atom. Electricity is this flow of electrons.

emission – A discharge, or release, of pollutants into 
the air, such as from a power plant, smokestack, or 
automobile engine.

energy efficiency – The use of energy without waste. 
Energy efficiency refers to work done using the smallest 
amount of energy needed. 

environment – Something that surrounds: surroundings. 
The natural environment includes land, air, water, and 
other features of nature.

finite – Something with a fixed or limited amount such as 
a “finite” resource. 

fossil fuels – Fuels formed from the remains of plants 
and animals that lived over 70 million years ago. Coal, 
oil, and natural gas are fossil fuels.
 
generator – A device used to convert mechanical energy 
into electrical energy.

global warming – Global warming is an average increase in 
the temperature of the atmosphere near the Earth’s surface 
and in the troposphere, which can contribute to changes in 
global climate patterns. Global warming can occur from a 
variety of causes, both natural and human induced. In 
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common usage, “global warming” often refers to the 
warming that can occur as a result of increased emissions 
of greenhouse gases from human activities.
www.epa.gov/climatechange/basics/

goods – Something you use or consume. The food we 
consume and the clothes we wear are goods. See also 
service. 

green – A color. Green can also be used to mean a 
person or process that helps protect or is “friendly” to 
the environment.

green careers – An occupation that in some way is involved 
in conserving energy, reducing pollution, developing 
renewable energy sources, or recycling. 

greenhouse effect – The effect produced when 
greenhouse gases trap solar radiation in the Earth’s 
atmosphere and warm the planet. This process occurs 
naturally and has kept the Earth’s temperature about 
60 degrees Fahrenheit warmer than it would be without 
it. Current life on Earth could not continue without the 
greenhouse effect. 
www.energystar.gov/index.cfm?c=kids.kids_index

greenhouse gas (GHG) – A gas, such as carbon dioxide 
(CO2) or methane (CH4), that traps the heat of the sun in the 
Earth’s atmosphere.

greenhouse gas emission – A discharge of greenhouse gas 
(GHG) into the atmosphere.

green jobs – Careers or jobs that focus on protecting the 
environment and conserving natural resources. 

grid – See electric grid. 

innovation – A new idea, device, or method. The 
introduction of something new. 

integrated demand side management (IDSM) – A term 
used by energy utilities to describe actions that people 
can take to reduce the demand for energy. See definitions 
for energy efficiency, demand response, and distributed 
generation.

kilowatt – A unit of measurement of electric power that 
equals 1,000 watts.

kilowatt-hour (kWh) – A unit of measurement of 
electricity used which translates to one kilowatt used 
for one hour. 

LEED – A designation for a building that meets energy- 
efficiency standards. LEED is an acronym for Leadership 
in Environmental and Energy Design. 

megawatt – A unit of measurement of electrical power 
equal to one million watts, or 1,000 kilowatts. 
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peak demand – The times during the day when the 
demand for electricity is the highest. This period of the 
day is between noon and 7:00 pm.

petroleum – A natural, thick, flammable liquid made 
of the remains of plants and animals that lived over 
70 million years ago.

phasor measurement unit (PMU) – A device for 
measuring electrical waves on an electric grid. 

photovoltaic (PV) cell – A device which converts some of 
the energy from the sun (radiant energy) into electrical 
energy. These cells are usually made from silicon and are 
also known as solar cells. 

pollution – Impurities in air, water, and land that create 
an unclean environment.

power grid – See electric grid.

power plant – A place where energy is generated. 

renewable energy – An energy source such as solar or 
wind that can be restored by nature after it is used. 

retrofit – To install new parts or equipment onto or 
in a building to make it function more efficiently. 

sensor – A device that detects or measures something 
and then responds to it. A motion–sensor detects when 
someone enters or leaves a room and responds by 
turning lights on or off. 

meter – A device for measuring the levels of a 
consumer’s electricity and natural gas use.

microgrid – A smaller power grid that can operate by 
itself or connect to the larger utility grid. 
  
natural gas – An air-like substance found in the Earth 
that can be burned for heat or fuel.

natural resource – A material in nature used by people.  
Water, air, plants, and soil are examples of natural  
resources.

nonrenewable energy – A resource such as coal or oil 
that cannot easily be replenished. 

nuclear energy – Energy that comes from the splitting of 
atoms of radioactive materials, such as uranium. Nuclear 
energy is classified as a nonrenewable energy source 
because the metal uranium is nonrenewable.

oil – See petroleum.

organic waste – Waste material of either plant or animal 
origin.

outage – A period of time when a power supply is not 
available.
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sensor – A device that detects or measures something and 
then responds to it. A motion sensor detects when someone 
enters or leaves a room and responds by turning lights on or 
off. 

services – A thing done for you by someone else, like a 
swimming lesson, a haircut, or a medical checkup. See also 
goods. 

smart grid – An electric grid, which when completed, will 
replace the existing grid; an “intelligent” grid consisting of 
millions of pieces and parts—controls, computer, power 
lines, and new technologies and equipment.”    
www.SmartGrid.gov  

smart meter – An automated two-way communications 
system between a utility company and its customers. Smart 
meters can measure and record the electricity used by a 
customer in “real time.”   
 
solar energy – Energy from the sun. 

steam – Water in vapor form. Steam is used in power plants 
to move the turbine-generators to produce electricity. 

substation – A facility where the voltage of electricity 
flowing through a transmission line is reduced.

technology – The application of scientific or 
engineering knowledge to a certain area. “High 
technology” refers to advanced scientific methods and 
materials, especially those involving computers and 
electronic devices.  

therm – A measurement of the amount of natural gas 
that is used. 

transformer – A device to change the voltage of 
an electric current.    

transmission line – Wires used to carry electricity from 
a power plant to a substation, where the voltage is 
reduced.

turbine – A machine with blades used in the production 
of electricity. Turbines can drive a generator by 
the forces of steam, moving water, or wind. (See 
generator.) 

uranium – An element found in the crust of the 
Earth. The fuel for nuclear power plants comes from 
uranium ore. 

utility – An agency or company that supplies electricity, 
natural gas, water, or phone service. 

volt (V) – A unit of measurement of an electric current.
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voltage – A measure of how hard electricity is being 
pushed through a conductor such as a transmission line.      

wind power – Electricity created from the wind. Wind 
turbines use the wind to produce electricity. 
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A Commitment to 
Environmental Excellence
Pacific Gas & Electric Company (PG&E) 
delivers safe, reliable, and environmentally 
responsible electricity and natural gas to 
approximately 40 percent of Californians. 
At PG&E, we are committed to being an 
environmental leader and demonstrating 
this through our actions. We pledge to think 
creatively, work cooperatively, and be 
results oriented in our environmental 
stewardship efforts. To learn more about 
PG&E’s environmental commitment, visit 
www.pge.com/environment.

Reflecting PG&E’s environmental 
commitment, these materials provide 
students with information about energy 
efficiency and environmental actions they 
can take to keep the air cleaner and reduce 
greenhouse gas emissions that contribute to 
global climate change.
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