Energy Flows

Students learn about the forms of energy, how energy is converted from one form to another, and
how energy flows through systems in this hands-on activity.

3
.
-2

s AT

i
L -

E1
I"

Grade Levels:

@ Elementary m Intermediate

(¥4 Secondary

Subject Areas:

9 sci
ﬁ.‘ Science @ Language Arts

NEED

National Energy Education Development Project




4

Teacher Advisory Board

Shelly Baumann
Rockford, Ml

Constance Beatty
Kankakee, IL

Amy Constant
Raleigh, NC

Nina Corley
Galveston, TX

Regina Donour
Whitesburg, KY

Linda Fonner
New Martinsville, WV

Samantha Forbes
Vienna, VA

Michelle Garlick
Buffalo Grove, IL

Robert Griegoliet
Naperville, IL

Viola Henry
Thaxton, VA

Bob Hodash
Bakersfield, CA

DaNel Hogan
Tucson, AZ

Greg Holman
Paradise, CA

Linda Hutton
Kitty Hawk, NC

Matthew Inman
Spokane, WA

Barbara Lazar
Albuquerque, NM

Robert Lazar
Albuquerque, NM

Leslie Lively
Porters Falls, WV

Mollie Mukhamedov
Port St. Lucie, FL

Don Pruett Jr.
Sumner, WA

Josh Rubin
Palo Alto, CA

Joanne Spaziano
Cranston, Rl

Gina Spencer
Virginia Beach, VA

Tom Spencer
Chesapeake, VA

Jennifer Trochez
MacLean
Los Angeles, CA

Joanne Trombley
West Chester, PA

Jen Varrella
Fort Collins, CO

Jennifer Winterbottom
Pottstown, PA

Carolyn Wuest
Pensacola, FL

Wayne Yonkelowitz
Fayetteville, WV

NEED Mission Statement

The mission of The NEED Project is to promote an energy
conscious and educated society by creating effective
networks of students, educators, business, government and
community leaders to design and deliver objective, multi-
sided energy education programs.

Teacher Advisory Board Statement

In support of NEED, the national Teacher Advisory Board
(TAB) is dedicated to developing and promoting standards-
based energy curriculum and training.

Permission to Copy

NEED materials may be reproduced for non-commercial
educational purposes.

Energy Data Used in NEED Materials

NEED believesin providing the most recently reported energy
data available to our teachers and students. Most statistics
and data are derived from the U.S. Energy Information
Administration’s Annual Energy Review that is published
yearly. Working in partnership with EIA, NEED includes easy
to understand data in our curriculum materials. To do further

research, visit the EIA website at[www.efa.gov] EIA's Energy

Kids site has great lessons and activities for students at
|www.eia.gov/kids]
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NEED is proud to announce that
this guide is a part of the CLEAN
Collection! The Climate Literacy and
Energy Awareness Network, or CLEAN,
is a nationally recognized project led
by science and education experts to
support climate and energy education
through the collection of educational
resources. CLEAN resources are peer-
reviewed by educators and scientists
as well as annotated and aligned
with standards and benchmarks. This
NSF, DOE, and NOAA funded project
is an excellent library of learning
activities, visualizations, videos, and
investigations. To learn more about
CLEAN, view other activities in the
CLEAN Collection, or to join the CLEAN

community, visit http://cleanet.org/
clean/about/selected_by_ CLEAN.
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.cif| Standards Correlation Information

(www.NEED.org/curriculumcorrelations|

Next Generation Science Standards
= This guide effectively supports many Next Generation Science Standards. This material can satisfy performance expectations,
science and engineering practices, disciplinary core ideas, and cross cutting concepts within your required curriculum. For more
details on these correlations, please visit NEED’s curriculum correlations website.

Common Core State Standards

= This guide has been correlated to the Common Core State Standards in both language arts and mathematics. These correlations
are broken down by grade level and guide title, and can be downloaded as a spreadsheet from the NEED curriculum correlations
website.

Individual State Science Standards

= This guide has been correlated to each state’s individual science standards. These correlations are broken down by grade level
and guide title, and can be downloaded as a spreadsheet from the NEED website.

NEED

LHae® 0@

National Energy Education Development Project

About NEED | Educators =~ Students = Partners | Youth Awards = Signature Programs | State Programs | Contact

Home = Educators = Curriculum Correlations

Professional Development

—— Curriculum Correlations

Supplemental Materials

MEED has correlated their materials to the Disciplinary Core |deas of the Next Generation Science Standards. MEED has
Curriculum Correlations

alzo correlated all of their materials to The Common Core State Standards for English/Language Arts and Mathematics. All
materials have are also correlated to each state’s individual science standards.Most files are in Excel format. NEED
recommends downloading the file to your computer for use. Save resources, don't print!

Navigating the NGSS5? We have What You NEED!

MEED alignment to the Next Generation Science Standards

Commeon Core State Standards for English and Language Ars
e Common Core Standards for Mathematics

Alabama

® Alacka
. _ J

Energy Flows



www.need.org/curriculumcorrelations

é Teacher Guide

Background

These hands-on activities, manipulatives, and flow charts will help students understand forms of
energy, energy transformations, and the flow of energy through systems.

0bjectives

=Students will be able to name the various forms of energy and identify an everyday item that has
or stores each form.

sStudents will be able to describe how energy is transformed through various items.

=Students will be able to trace an energy flow back to the sun (nuclear energy).

] Materials

=Battery powered flashlight

=Hand generated flashlight

=Kitchen matches

=String (optional)

=Tape (optional)

=Index cards or cardstock (optional)

NOTE: Flashlights can be purchased from NEED. Call 1-800-875-5029 for more information.

[JPreparation

=Familiarize yourself with the entire guide and all of the energy flows showcased within. Decide
if you will go through all of the energy sources and/or identify which specific sources you will be
covering.

=Download or make copies of the masters needed to project for the class. See the chart on page 6
for titles and page numbers.

=Make copies of student worksheets, as necessary. See the chart on page 6 for titles and page
numbers.

=Make copies of the energy flow cards on pages 27-36. Make enough copies of each series of cards
you wish to use so that each student or group has a set. Copy any of the substitute cards to focus
on a different energy source or to assemble more complex flows. Depending on the age of your
students, you may choose to pre-cut and fold the cards on the dotted lines. Cards may be copied
onto cardstock or glued onto note cards for multiple uses. Group the cards by series using the
numbers in the top left corner, and place each series in an envelope or baggie.

v Procedure

Part 1: Introduction

1. Introduce the activity by lighting a wooden match and asking students to describe what is
happening using the word “energy”. Ask students where the match gets its energy from. Explain
that the match’s energy can be traced all the way back to the sun. The match came from wood,
which got its energy from the sun.

Note: Older students may be asked to make a flow chart to explain where the energy came from
prior to having a discussion as a class.

2. Use the Forms of Energy master on page 8 to provide an introduction or review of the forms of
energy.

©2015 The NEED Project 8408 Kao Circle, Manassas, VA 20110  1.800.875.5029 www.NEED.org

338 Grade Levels

=Elementary, grade 5
=Intermediate, grades 6-8
=Secondary, grades 9-12

Time

=One to three 45-minute class
periods

Additional Resources

=For comprehensive
background information on
energy sources, download one
of the Energy Infobooks from
www.NEED.org.

=Supporting activities that
reinforce energy concepts and
the sources of energy can be
found in the Energy Infobook
Activities guides at

=For hands-on science
investigations about energy
transformations, download
Elementary, Intermediate, or
Secondary Science of Energy
from www.NEED.org.

=For language arts connections,
visit NEED’s book list for a
searchable database of fiction
and nonfiction titles related to
energy.
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Distribute the Forms and Sources of Energy worksheet on page 9. Instruct students to identify the forms of energy that are stored in
or delivered by each of the sources of energy. If students are less familiar with each source, use the Energy Infobooks for text-based
support, or Energy Infobook Activities for a matching worksheet that outlines the various sources.

Have students then calculate the percentages of energy provided by each form and category. This can be done as a class or individually,
depending on the level of your students.

5. Discuss the answers as a class. Answers can be found on page 7.

Part 2: Flashlights and Energy Flow
1. Demonstrate a regular battery-powered flashlight and a hand generated flashlight. Ask the class to explain what energy transformations
are happening within each flashlight.

2. Ask students to write out or share the energy flow from the sun to the hand generated flashlight.

3. Use the Energy Transformations in a Hand Generated Flashlight master on page 10 to discuss as a class. Compare how each flashlight’s
energy flow might differ.

Note: For more information about hand generated flashlights and how they work, check out NEED's Science of Energy guides at the
elementary, intermediate, or secondary level.

Part 3: Power Plants, Energy Sources, and Energy Flow
1. Discuss how different sources of energy are used to generate power. See the chart below for specific pages and relevant information.
Older or more independent students may be able to choose (or be assigned) a source and explain the transformations and processes

to the class.

2. Discuss the similarities and differences between fossil fuel power plants, wind turbines, hydropower plants, and nuclear power plants.

Energy Introduction Masters to explain generation by Student Energy Flow
Source source. Worksheet
Fossil Fuels Review with students what fossil fuels are. Tell Fusion, page 11 Fossil Fuel Energy Flow,
them that coal and natural gas are responsible Photosynthesis, page 12 page 16
for generating more than 60 percent of the How Coal Was Formed, page 13
electricity consumed in the U.S. Fossil fuels are Oil and Natural Gas Formation, page 14
used in thermal power plants because the fuel is | Burning Fossil Fuels to Generate Electricity,
burned. page 15
Wind Tell students that wind generates just about 4 Fusion, page 11 Wind Energy Flow, page 19
percent of the electricity in the United States. How Wind is Formed, page 17
It is the fastest growing energy source for Harnessing the Wind to Generate Electricity,
generating electricity. page 18
Hydropower | Tell students that there are more than 2,200 Fusion, page 11 Hydropower Energy Flow,
hydropower plants generating electricity in The Water Cycle, page 20 page 22
the U.S. The amount of electricity generated Harnessing Hydropower to Generate
by hydropower (currently a little more than 6 Electricity, page 21
percent) varies depending on rainfall amounts
and droughts.
Uranium Tell students that nuclear energy is responsible Fission, page 23 Nuclear Energy Flow, page 26
for generating a little less than 20 percent of Uranium Fuel Cycle, page 24
the electricity in the U.S. Nuclear power plants Using Nuclear Energy to Generate
are also considered thermal power plants. Even Electricity, page 25
though uranium isn't burned, thermal energy is
produced from the fission reactions.
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Part 4: Energy Flow Cards

1. Put students into groups, if desired, or students may work individually.

2. Distribute the desired series of energy flow cards. Depending on the level of the students, you may have all students working on one
series at a time, or differing series can be passed out at one time. Some groups may also be given more than one series at a time.

3. Have students correctly arrange the energy flow in each series of cards. Students should write out or verbally explain the forms of
energy present in each step of the energy flow. You may have them use string and tape to connect each step of the flow, if desired.

S Variations and Extensions

=Make the cards into necklaces. Have students make a human chain demonstrating the correct order of each energy flow.

=Give each group of students a different series of cards. Have each group explain their energy flow to the class using forms of energy
vocabulary.

=Combine one or more parts of each series to create a multiple-conversion process. Have students connect each step in the flow. (Some
steps will have multiple connections.)

=Act out A Cool Coal Story (see pages 37-39).

=Have students write and act out an energy flow of their choice using props and a script.

MEvaluation

=Have the students demonstrate comprehension of the forms of energy and energy transformations (flow) by designing energy flow cards
for a multiple-conversion process not discussed in class.

=Evaluate the activity using the form on page 40 and return it to NEED.

MForms and Sources of Energy Answer Key

NONRENEWABLE RENEWABLE
Petroleum - chemical Biomass - chemical
Coal - chemical Hydropower - motion
Natural Gas - chemical Wind - motion
Uranium - nuclear Solar - radiant
Propane - chemical Geothermal - thermal

=Chemical - 86.7%, Nuclear - 8.5%, Motion - 4.2%, Thermal - 0.2%, Radiant - 0.3%

=Nonrenewables - 90.4%, Renewables - 9.4%
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MASTER

POTENTIAL

Stored energy and the energy of
position (gravitational).

|

CHEMICAL ENERGY is the energy
stored in the bonds of atoms and
molecules. Gasoline and a piece of
pizza are examples.

NUCLEAR ENERGY is the energy
stored in the nucleus of an atom -
the energy that holds the nucleus
together. The energy in the nucleus
of a plutonium atom is an example.

ELASTIC ENERGY is energy stored
in objects by the application

of force. Compressed springs

and stretched rubber bands are
examples.

GRAVITATIONAL POTENTIAL
ENERGY is the energy of place or
position. A child at the top of a slide
is an example.

<:§1> Forms of Energy

All forms of energy fall under two categories:

pea
v

KINETIC

The motion of waves, electrons,
atoms, molecules, and substances.

|

RADIANT ENERGY is
electromagnetic energy that travels
in transverse waves. Light and x-rays
are examples.

THERMAL ENERGY or heat is the
internal energy in substances - the
vibration or movement of atoms
and molecules in substances. The
heat from a fire is an example.

MOTION is the movement of

a substance from one place to
another. Wind and moving water are
examples.

SOUND is the movement of energy
through substances in longitudinal
waves. Echoes and music are
examples.

ELECTRICAL ENERGY is the
movement of electrons. Lightning
and electricity are examples.
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Forms and Sources of Energy

A
:e{»

In the United States we use a variety of resources to meet our energy needs. Use the information below to
analyze how each energy source is stored and delivered.

Using the information from the Forms of Energy chart, and the graphic below, determine how energy is stored or
delivered in each of the sources of energy. Remember, if the source of energy must be burned, the energy is stored as

chemical energy.

NONRENEWABLE RENEWABLE
Petroleum Biomass

Coal Hydropower
Natural Gas Wind

Uranium Solar

Propane Geothermal

Look at the U.S. Energy Consumption by Source graphic below and calculate the percentage of the nation’s
energy use that each form of energy provides.

What percentage of the
nation’s energy is provided
by each form of energy?

U.S. Energy Consumption by Source, 2013

NONRENEWABLE RENEWABLE
Chemical
PETROLEUM  35.2% BIOMASS 4.7%
Nuclear Uses: transportation, $ Uses: heating, electricity,
Motion manufacturing transportation
Thermal NATURAL GAS  26.6% @ | HYDROPOWER  2.6%
Radiant Uses: heating, ¢ ;‘ Uses: electricity
manufacturing, electricity
What percentage of the COAL 18.5% WIND 1.6%
nation’s energy is provided Q Uses: electricity, Uses: electricity
by nonrenewables? manufacturing
by renewables? SOLAR 0.3%
35| URANIUM 8.5% . 270
“ Uses: electricity Uses: heating, electricity
PROPANE 1.7% GEOTHERMAL  0.2%
%sg’f'il ’}g?fg}ﬁ;’g Uses: heating, electricity

*Total does not add to 100% due to independent rounding.
Data: Energy Information Administration

©2015 The NEED Project 8408 Kao Circle, Manassas, VA 20110
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A

Energy Transformations in a Hand Generated Flashlight

@M@W@

Nuclear Energy Radiant Energy Chemical Energy

ol
~

(

Electrical Energy

Motion Energy

Chemical Energy

~

BATTERY

(

Stored Electrical Energy Electrical Energy Radiant (light) Energy

Energy Flows
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MASTER

W Fusion

The process of fusion most commonly involves hydrogen isotopes combining to
form a helium atom with a transformation of matter. This matter is emitted as

radiant energy.
‘|v T’

Hyd Isot
ydrogen Isotope Hydrogen Isotope

AVAVAY 2:10

Neutron / Helium
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Energy Flows

Photosynthesis

CARBON
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RADIANT ENERGY

OXYGEN

CARBON
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oS DIOXIDE

In the process of photosynthesis, plants convert radiant energy from the sun
into chemical energy in the form of glucose (or sugar).

water + carbon dioxide + sunlight —— glucose + oxygen

6H0 + 6 CO, + radiant energy — CH,,0, + 60,

12




MASTER

How Coal Was Formed

Millions to hundreds of

millions of years ago, dead plant
matter fell into swampy water and over
time, a thick layer of dead plants lay decaying
at the bottom of the swamps. Over time, the surface

and climate of the Earth changed, and more water and dirt
washed in, halting the decay process, forming peat.

109
_s__,_,_oz <m>x

The weight of the top layers of water and dirt packed down the lower layers

of plant matter. Under heat and pressure, this plant matter underwent chemical

and physical changes, pushing out oxygen and leaving rich hydrocarbon deposits.
What once had been plants gradually turned into coal.

Note: not to scale

Coal can be found deep underground (as shown in this graphic), or it can be found near
the surface.

13
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Oil and Natural Gas Formation

"~ Smallm
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How Petroleum and 0

Natural Gas Were Formed

Tiny sea plants and animals died and
were buried on the ocean floor. Over time,
they were covered by layers of sediment and rock.

Hundreds of millions of years ago, the remains were burried

deeper and deeper. The enormous heat and pressure turned

them into oil and gas.

Today, we drill down through the layers of sedimentary rock to reach the rock
formations that contain oil and gas deposits. We then can separate the petroleum,

natural gas, and propane for use. Note: not to scale

Energy Flows
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MASTER

FUEL BURNING ELECTRICITY
GENERATION
o > STEAM LINE 7 —
BOILER . | LG
or —eeie | @
NATURAL = RE .
GAS I .
) A v
or iTER | CONDENSER
PETROLEUM

1. A fossil fuel is fed into a boiler, where it is burned to release

thermal energy.

2. Water is piped into the boiler and heated, turning it into steam.

3. The steam travels at high pressure through a steam line.

4. The high pressure steam turns a turbine, which spins a shaft.

5. Inside the generator, the shaft spins coils of copper wire inside

a ring of magnets. This creates an electric field, producing

electricity.

Burning Fossil Fuels to Generate Electricity

ELECTRICITY TRANSMISSION

SWITCHYARD

==

ROTATING
SHAFT

%
7
Wy

%,
W
iy
Al

N\
*\\\\
W\ &

Q)
'///
R

6. Electricity is sent to a switchyard, where a transformer increases the voltage, allowing it to travel through the electric grid.

15
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Fossil Fuel Energy Flow

HIGH-PRESSURE STE@

-

GENERATOR
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MASTER

How Wind is Formed

e sun shines on land and water.
2. Land heats up faster than water.
3. Warm air over the land rises.

4, Cool air over the water moves in.

©2015 The NEED Project 8408 Kao Circle, Manassas, VA 20110  1.800.875.5029 www.NEED.org 17




MASTER

Harnessing the Wind to Generate Electricity

ELECTRICITY TRANSMISSION
BLADE
SWITCHYARD
NACELLE m
GENERATOR / {N
J

1. Wind turns the blades of the turbine.
2. The blades spin a shaft inside the nacelle.

3. Inside the generator, the shaft spins coils of copper wire inside a ring of magnets.
This creates an electric field, producing electricity.

4. Electricity is sent to a switchyard, where a transformer increases the voltage,
allowing it to travel through the electric grid.

18 Energy Flows




@ Wind Energy Flow

GENERATOR
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MASTER

The Water Cycle

SOLAR ENERGY

\§~
~ CONDENSATION
‘ (Gas to Liquid) -

EVAPORATION

g g g9 (Liquid to Gas)
gagd . N
g Jd
OCEANS, LAKES, RIVERS
(Liquid)
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MASTER

@2, | Harnessing Hydropower to
‘@ | Generate Electricity

GENERATOR  view from above
MAGNETS

COPPER COILS
RESERVOIR ROTATING

N—
] =.) A\ (Mo
[T ),-\(- W

Intake
| DAM

GENERATOR SWITCHYARD

Pf%"o 7

1. Water in a reservoir behind a hydropower dam flows through an intake screen,
which filters out large debris, but allows fish to pass through.

2. The water travels through a large pipe, called a penstock.

3. The force of the water spins a turbine at a low speed, allowing fish to pass
through unharmed.

4. Inside the generator, the shaft spins coils of copper wire inside a ring of
magnets. This creates an electric field, producing electricity.

5. Electricity is sent to a switchyard, where a transformer increases the voltage,
allowing it to travel through the electric grid.

6. Water flows out of the penstock into the downstream river.

©2015 The NEED Project 8408 Kao Circle, Manassas, VA 20110  1.800.875.5029 www.NEED.org
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. Hydropower Energy Flow

SOLAR ENERGY

CONDENSATION
(Gas to Liquid)
d

EVAPORATION
(Liquid to Gas)

EVAPORATION \ 9 ¢ (nglfid or Solid)
(Liquid to Gas) J

' OCEANS, [A](ES, RIVERS
(Liquid)

== DAM TRANSMISSION LINES
4 [m[m|

NE

o GENERATOR SWITCHYARD

5 U1

TURBINE AVER 7
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Fission

The splitting of the nucleus of an atom into nuclei
of lighter atoms, accompanied by the release

of energy.
Atom Splits \

\ Q Neutron
Q —

Neutron Neutron

~0

Lighter
Element

AVAVE" -
+ Energy

Lighter
Element
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Uranium Fuel Cycle

S

Uranium ore is milled Yellowcake is turned into cON

Uranium ore is mined into yellowcake and then a gas, UFg

g —e— e

Pellets are put into fuel rods  Enriched UF, is converted Gas is enriched to increase
and used to make electricity  back to UQ, and made into the amount of U-235
ceramic fuel pellets

8—&Q .

Spent (used) fuel is stored at In the future the spent fuel may be reprocessed
the power plant site or stored in an underground repository

Energy Flows
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Using Nuclear Energy to Generate Electricity
in a Pressurized Water Reactor

ELECTRICITY ELECTRICITY
CONTAINMENT
STRUCTURE -»STEAWI GENERATION TRANSMISSION
GENERATOR
CONTROL TR SWITCHYARD
RODS STEAM —
GENERA'I'O.R

RESERVOIR MAGNETS

COPPER COILS

A\
ROTATING ’J
SHAFT

1. Inside the reactor are the fuel
assemblies, control rods, and water.
Fission takes place within the fuel

assemblies and heats the water passing

through the reactor. Control rods absorb
neutrons to control fission.

2. Water is piped through the reactor where it is heated. It then travels to the steam
generator where the hot water in pipes heats a secondary system of water.

3. The steam generator keeps the steam at a high pressure. The steam travels
through a steam line to the turbine.
4. The high pressure steam turns the turbine as it passes through, which spins a

shaft. The steam then travels through the condenser where it is condensed by
cooling water and is pumped back into the steam generator to repeat its cycle.

5. The turbine spins a shaft, which travels into the generator. Inside the generator,
the shaft spins coils of copper wire inside a ring of magnets. This generates
electricity.

allowing it to travel through the electric grid.

©2015 The NEED Project 8408 Kao Circle, Manassas, VA 20110  1.800.875.5029 www.NEED.org

6. Electricity is sent to a switchyard, where a transformer increases the voltage,
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Nuclear Energy Flow

RESERVOIR

TRANSMISSION LINES
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1
, Through the process of
Ezgl'ra"t fusion, | convert nuclear
ay . .
energy into radiant
energy.
Sun
1 33
Through the process of
. photosynthesis, | convert
g radiant energy into
: . chemical energy and store
= it in my cells.
Green Plant
1
| store energy from food
in my cells and turn some
| of it into other forms of
’ energy.
Chicken g
1
I have chemical energy
§ stored in my cells.
Eggs
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Human Being

| store chemical energy
from food in my cells and
turn some of it into other
forms of energy.

| convert motion energy

into electrical energy and
electrical energy into

light when I'm shaken or

. cranked.
Flashlight
+ Radiant Through the process of
Energy fusion, | convert nuclear
energy into radiant
energy.
Sun

Through the process of

Green Plant

photosynthesis, | convert
radiant energy into
chemical energy and store
itin my cells.

28
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| store energy from food
in my cells and turn some
of it into other forms of
energy.

| store energy from food
in my cells and turn some
of it into other forms of
energy.

Through the process of
fusion, I convert nuclear
energy into radiant
energy.

Ancient Sea Plant

Through the process
of photosynthesis, |
converted radiant energy
into chemical energy and
stored it in my cells.

©2015 The NEED Project 8408 Kao Circle, Manassas, VA 20110  1.800.875.5029 www.NEED.org
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Ancient Sea Animal

| stored chemical energy
from food—ancient sea
plants—in my cells.

HEAT AND

| turned ancient plants
and animals into fossil
fuels.

PRESSURE

Petroleum

| am a fossil fuel. The
chemical energy stored

in me came from the
remains of ancient sea

plants and animals.

Automobile

| convert chemical energy
in petroleum into motion,
sound, and heat.

30
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Radiant i Through the process of
Energy . fusion, | convert nuclear
’ energy into radiant
energy.

Through the process
of photosynthesis, |
converted radiant energy
into chemical energy and
stored it in my cells.

Ancient Fern

HEATAND o mmintpons
PRESSURE = """

| am a fossil fuel. The
chemical energy stored

in me came from the
remains of ancient ferns.

Coal
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31




Thermal Power Planté

| convert chemical or
nuclear energy in fuels
into thermal energy then
into electrical energy.

4
| convert electrical energy
into light, heat, and
- sound.
—-—
Television
5
+ Radiant fTh.rough the process of
Energy usion, | convert nyclear
energy into radiant
energy.
Sun
5

| am a renewable energy
source. The sun drives
the water cycle and keeps
me replenished in lakes,
rivers, and oceans.
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Through the water cycle
| am always flowing and
am fed by smaller streams
and creeks.

Reservoir

| stay full because of the

water cycle. | hold water

as gravitational potential
energy.

GENERATOR
makes POWER LINES

electricity

Hydropower Plant

| convert the kinetic
energy of moving water
into electrical energy.

5

Light Bulb

| turn electrical energy
into radiant and thermal
energy.
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SUB

| store chemical energy
from food in my cells and
turn some of it into other
forms of energy.

SUB
- i e , I have chemical energy
stored in my cells.
Milk and Cheese
SUB
CORN
| have chemical energy
W stored in my cells.
FLAKES

Corn Flakes

Electric Car

| convert electrical energy
into motion, sound, and
heat.
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SUB

| am a fossil fuel. My
chemical energy came
from the remains of
ancient sea plants and
animals.

v

Natural Gas

i | am a fossil fuel. The
. chemical energy stored
. inme came from the
. remains of ancient sea

SUB
plants and animals.
Propane
SUB
35 I am a common rock
. found around the world.
. My nuclear energy comes
. from the splitting of my
. ' atoms.
Uranium
SUB

| am renewable. The
motion energy in me
came from the sun’s
uneven heating of land
and water.
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SUB

| convert the chemical
energy in natural gas into
thermal energy.

SUB
| convert the chemical
energy in propane into
thermal energy.
Propane Grill
SUB
| convert the kinetic
energy in wind into
electrical energy.
Wind Turbine
SUB

Sailboat

| harness the wind’s
kinetic energy to move
across water.
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MASTER

A Cool Coal Story

Students will demonstrate the flow of energy to produce electricity using props. Depending on the audience, signs with the different
forms of energy can be used by the students to identify the energy transformations. This activity can also be used to demonstrate other
energy flows, like biodiesel, ethanol, natural gas, etc.

Sun Nuclear fusion—produces energy
Prop & Action Yellow ball
Radiant Energy Nuclear energy in the sun is transformed to radiant energy and travels through space to Earth.
Radiant energy travels in WAVES.
Prop & Action Long pieces of yellow ribbon, several students wave in the air
Chemical Energy Radiant energy is absorbed by green plans and through photosynthesis converts radiant energy to

chemical energy.

Prop & Action Green plants or silk plants, students bring up from floor

Stored Chemical Energy Green plants die and are compressed under extreme pressure over a LONG period of time and
become COAL. Chemical energy is stored in the coal.

Prop & Action Green plants or silk plants, students step on leaves
Coal Coal is mined and taken to a power plant. (Additional details may be added if desired.)
Prop & Action Pieces of coal OR wads of black construction paper, students pick up coal from ground
Thermal Energy Coal is burned in the furnace. Stored chemical energy produces thermal energy.
Prop & Action Empty box, coal is put into "furnace" box
Thermal Energy The thermal energy heats the water. Water becomes steam.
Prop & Action Hot pot or bottled water, student lifts up hot pot
Steam Steam travels down pipes (plastic tubing) to the turbine.
Prop & Action Plastic hose or tubing, connect tube to hot pot used above
Motion/Mechanical Energy Steam causes the turbine blades to spin.
Prop & Action Student arms, student stands with arms outstretched and bent upwards at the elbow, student spins
as steam touches them
Electrical Energy The turbine is connected to the generator causing the magnets to spin around the copper coils
producing electrical energy.
Prop & Action Bar magnets, copper ribbons, three students hold bar magnets, one student is ‘wrapped’in copper
colored ribbon or wire, students with magnets ‘spin’around copper wire
Electrical Energy Electrical energy travels down the power lines to our homes.
Prop & Action Twisted rope, start with twisted rope then pull away the smaller pieces to designate the low voltage
lines that come into our homes
Electrical Energy Electrical energy powers our homes.
Prop & Action ‘Magic’ light bulb, and extension cord, student pulls chain on light bulb or switches it on
Variations Other energy flows can be demonstrated, substituting other sources for the coal (corn to ethanol;

soybeans to biodiesel; decomposing garbage to methane, etc.)
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MASTER

Q A Cool Coal Story

A long, long time ago before even the dinosaurs roamed the Earth, the sun shone in the sky
and giant plants grew in swampy forests. Like all living things, these plants died.

And more plants grew and died. This happened over and over for millions of years—plants
grew and died and fell into the swamp.

The plants on the bottom got squished—really, really squished. After millions of years of being
really squished those plants turned into COAL.

Now the coal is buried in the ground. Big machines—giant bulldozers and steam shovels—
dig it up.

The machines load the coal onto trains and barges to take it to the power plant.

Inside the power plant there is a giant tub of water with a big oven in the middle. The coal is
put into the big oven and burned.

The smoke from the fire is cleaned with big scrub brushes before it goes up the smokestack
and into the air.

Inside the oven it gets really hot. So hot, the water in the tub boils and turns into steam. The
oven is called a boiler because it boils the water and turns it into steam.

That steam comes roaring through a big pipe and turns a giant pinwheel, called a turbine.

The middle of the pinwheel has coils of wire wrapped around it. On the blades of the pinwheel
are big magnets. When the magnets spin around the wire, it makes electricity. That is amazing!

Now, we can’t go down to the power plant to buy a bag of electricity. So, the electricity comes
to us.

A wire from the turbine runs out of the power plant and up a tall, tall pole. The electricity flows
up the wire to the top of the pole. It flows through high-power lines from pole to pole until it
gets to our town.

CONTINUED ON NEXT PAGE
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MASTER

Then it flows into lots of small wires to our houses. Inside our houses—hidden in the walls—
are lots of wires. They go to all the switches and all the outlets all over our house and the
electricity flows through them.

When we flip on a light switch, the electricity flows into the light bulb and makes light.

When we plug a radio into an outlet, we get music. The electricity flows through the cord to
make it work. Electricity runs our washers and dryers, TVs, and video games.

Most of the electricity in our country is made by burning coal. The energy in the coal came
from the sun.
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Energy Flows
Evaluation Form

State: Grade Level: Number of Students:

1. Did you conduct the entire activity? O Yes O No
2. Were the instructions clear and easy to follow? O Yes Q No
3. Did the activity meet your academic objectives? O Yes O No
4. Was the activity age appropriate? O Yes U No
5. Were the allotted times sufficient to conduct the activity? O Yes O No
6. Was the activity easy to use? O Yes Q No
7. Was the preparation required acceptable for the activity? O Yes Q No
8. Were the students interested and motivated? O Yes U No
9. Was the energy knowledge content age appropriate? O Yes Q No
10. Would you teach this activity again? O Yes Qd No

Please explain any ‘no’ statement below.

How would you rate the activity overall? O excellent good 0 fair Q poor
How would your students rate the activity overall? U excellent good Q1 fair O poor

What would make the activity more useful to you?

Other Comments:

Please fax or mail to: The NEED Project
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=

Nefonal Enrgy

Educoon Development

American Electric Power

Arizona Public Service

Arizona Science Center

Armstrong Energy Corporation
Association of Desk & Derrick Clubs
Audubon Society of Western Pennsylvania
Barnstable County, Massachusetts
Robert L. Bayless, Producer, LLC

BP America Inc.

Blue Grass Energy

Boulder Valley School District
Brady Trane

California State University

Cape Light Compact-Massachusetts
Chevron

Chugach Electric Association, Inc.
Colegio Rochester

Columbia Gas of Massachusetts
ComEd

ConEdison Solutions
ConocoPhillips

Constellation

Cuesta College

Daniel Math and Science Center
David Petroleum Corporation

Desk and Derrick of Roswell, NM
Dominion

DonorsChoose

Duke Energy

East Kentucky Power

Eastern Kentucky University

Elba Liquifaction Company

El Paso Corporation

E.M.G. Oil Properties

Encana

Encana Cares Foundation

Energy Education for Michigan
Energy Training Solutions
Eversource

Exelon Foundation

First Roswell Company

FJ Management. Inc.

Foundation for Environmental Education
FPL

The Franklin Institute

Frontier Associates

Government of Thailand-Energy Ministry
Green Power EMC

Guilford County Schools — North Carolina
Gulf Power

Gerald Harrington, Geologist
Granite Education Foundation
Harvard Petroleum

Hawaii Energy
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National Sponsors and Partners

Houston Museum of Natural Science

Idaho Power

Idaho National Laboratory

lllinois Clean Energy Community Foundation

Independent Petroleum Association of
America

Independent Petroleum Association of New
Mexico

Indiana Michigan Power — An AEP Company
Interstate Renewable Energy Council

James Madison University

Kentucky Clean Fuels Coalition

Kentucky Department of Education

Kentucky Department of Energy Development
and Independence

Kentucky Power — An AEP Company
Kentucky River Properties LLC
Kentucky Utilities Company

Kinder Morgan

Leidos

Linn County Rural Electric Cooperative
Llano Land and Exploration

Louisiana State University Cooperative
Extension

Louisville Gas and Electric Company
Maine Energy Education Project
Massachusetts Division of Energy Resources

Michigan Oil and Gas Producers Education
Foundation

Miller Energy

Mississippi Development Authority-Energy
Division

Mojave Environmental Education Consortium
Mojave Unified School District

Montana Energy Education Council

NASA

National Association of State Energy Officials
National Fuel

National Grid

National Hydropower Association

National Ocean Industries Association
National Renewable Energy Laboratory
Nebraska Public Power District

New Mexico Oil Corporation

New Mexico Landman’s Association

Nicor Gas — An AGL Resources Company
Northern Rivers Family Services

North Shore Gas

NRG Energy, Inc.

Offshore Energy Center

Offshore Technology Conference

Ohio Energy Project

Opterra Energy

Oxnard School District

Pacific Gas and Electric Company
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Paxton Resources

PECO

Pecos Valley Energy Committee

Peoples Gas

Petroleum Equipment and Services Associa-
tion

Phillips 66

PNM

Providence Public Schools

Read & Stevens, Inc.

Renewable Energy Alaska Project
Rhode Island Office of Energy Resources
River Parishes Community College
RiverQuest

Robert Armstrong

Roswell Geological Society

Salt River Project

Sandia National Laboratory

Saudi Aramco

Science Museum of Virginia

C.T. Seaver Trust

Shell

Shell Chemicals

Society of Petroleum Engineers

Society of Petroleum Engineers — Middle East,
North Africa and South Asia

David Sorenson

Southern Company

Space Sciences Laboratory of the University of
California Berkeley

Tennessee Department of Economic and
Community Development-Energy Division
Tioga Energy

Toyota

Tri-State Generation and Transmission

TXU Energy

United States Energy Association
University of Georgia

United Way of Greater Philadelphia and
Southern New Jersey

University of Nevada-Las Vegas, NV
University of North Carolina
University of Tennessee

University of Texas - Austin
University of Texas - Tyler

U.S. Department of Energy

U.S. Department of Energy-Office of Energy
Efficiency and Renewable Energy

U.S. Department of Energy-Wind for Schools

U.S. Department of the Interior-Bureau of
Land Management

U.S. Energy Information Administration
West Bay Exploration

West Virginia State University

Yates Petroleum Corporation






