Standards-based Step: Science

8. Hyped up on Hydrocarbons

Display several household objects on the chart
below. Challenge students to identify those that use
hydrocarbons as their energy source.
Discussion Points
At least 85% of the fuel used in the United States
in 2007 came from fossil fuels. The chemical
compounds associated with fossil fuels are called
hydrocarbons because they consist of water (hyrdo)
and carbon. When they are burned for fuel, the
hydrogen binds with oxygen to create water vapor.
The remaining carbon binds with the oxygen to
form carbon dioxide.
Not all fossil fuels are created equal. Some emit
more carbon dioxide when burned than others.
Coal is the fuel with the highest concentration of
carbon, so a coal power plant of a given size will
emit much more carbon than a natural gas plant of
the same size.
The following table shows the different amounts of
carbon dioxide emitted from different fossil fuels in
order to generate the same amount of heat.

Hyrdocarbon
Fuel

kg. CO2
per Jx109

Phase at Room
Temperature

Natural Gas

50-55

Gas

Gasoline & Diesel 69-70

Liquid

Heavy Oil

73-74

Liquid

Coal

88-93

Solid

The heavier the fuel, the more carbon atoms
it has and the dirtier it is. The simplest fossil
fuels are the cleanest. For example, natural gas
is composed of the following three separate
hydrocarbon molecules.
Methane (95%)
The reason methane emits less CO2 is
because of a higher ratio of hydrogen to
carbon atoms per unit of mass than gasoline.
Ethane (Under 5%)
Ethane has two carbon atoms, making it a
heavier hydrocarbon molecule than methane.
Propane (Traces)
Propane has three carbon atoms, making it
the heaviest of the three.

Source: S. Goldthorpe
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Teacher / Student Reproducible

Standards-based Step: Science

8. Hyped up on Hydrocarbons

The illustrations that follow show the molecular
structure of methane, ethane and propane.

ethane. Three Carbon Atoms:
Propane

methane molecule

propane

Source - www.green-planet-solar-energy.com (Check the Green-Planet-Solar-Energy.com link for information about other climate change topics as well.)

Molecule Diagrams
Ethane: The bonds in ethane are covalent.*
Each is formed by sharing two electrons between
atoms.
Methane: One carbon with four hydrogens
creates methane. Carbon is always tetravalent.**
Propane: When three carbons and eight
hydrogens come together, they form propane.
* Formed by a sharing of pairs of electrons.
** Formed with four valances.
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Discussion Question
Cover the column on the right. Can you identify
the human uses for each of the fossil fuels?
Fossil Fuels
Gasoline

Uses
cars, trucks, motorcycles,
lawnmowers gas-powered leaf
blowers, motor boats, gaspowered weed whackers
Diesel fuel/kerosene trucks, trains, jets, cooking
and lighting, buses
Propane
heating and cooling, cooking,
cars and trucks
Natural Gas
electricity, buses, fertilizer
production, cement
production, chemical
production, heating and
cooling buildings
Coal
electricity
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Share-It Step: Performing Arts

9. Dance of the Hydrocarbons
(Compounds which contain only carbon and hydrogen)

Instructions:
The science teacher may provide consultation to
help the performing arts teacher choreograph
this dance. The suggested genre is step dance,
with no music needed, but it could also be
conducted as a line dance, a gymnastics
performance, a modern dance, or whatever the
capacities of the students and teacher allow.
The accompanying narration appears on the
following page.
Dancers Needed:
3 carbon atoms
8 hydrogen atoms
2 or more scientists
1 or more industry reps
Windmills
Solar panels
Biomass

1.	Designate some students as carbon cells
and some as hydrogen cells.
2.	Appoint a leader to call out the name
of the molecule. Students memorize the
diagram associated with the formation
on the hydrocarbon diagram. They stepclap into place. The leader then calls out
another molecule and students move into
position once again.
3. See the script to choreograph the spoken
word and dance transition. Scientists
and industrialists may flank the group,
as needed, depending on the number of
available dancers in the class.
4.	The dancers continue to create formations
as other dancers come onstage in front of
them, representing a scientist, a business
person and a politician.
5. Scientists beckon in other groups
representing alternative renewable
energies, such as wind energies with
spinning arms or solar energies with arms
spread to hold solar panels. Use household
objects as props, e.g. oars as wind panels,
cutting boards as solar panels and mops as
wigs for biomass.
6.	Choreograph a last movement in which
all groups share the stage in a way that
replaces aggression with cooperation.
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Student Reproducible

Dance of the Hydrocarbons
Narration or Spoken Word
(Begins Narration before the
Dance of the Hyrdrocarbons,
as scientist dancers move in
slow motion with imaginary
test tube or Bunsen burners.
Narration interspersed between
choreographed parts.)
Hydrocarbons
took center stage
back in the good old
fossil fuels age.
The atoms lined up
like luminous stars
To fuel up our gadgets
and houses and cars.
Here they come now,
dancing to stardom,
the chemical compounds
we call hydrocarbons.
(Hydrocarbon dancers enter
and create each formation in
sequence in selected dance style.
See notes above. As they form
each compound, they stop for
an interlude of distinctive dance
moves or steps and claps.)
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The methane…..(they dance
into position)
The ethane….(they change
into the next formation)
And now it’s the propane….
(they change again, adding
dancers as needed)
All are hydrocarbons
and now you’ve seen their
structure,
not just heard their jargon.
They’re with us everywhere
that
carbon lingers in the air.
If only it could dance without
reminding us it’s there.
(Hydrocarbons exhale, worn out
from dancing, and the scientists
back away from their breath.)
They live in our lawnmowers
and light our barbecues.
They stalk our fireplaces
and hide up in our flues.
Without the hydrocarbons,
what would all the species do?
(Scientists hug dancers.)

U n i t I I : c ivi c - mi n d e d n e ss — K i c k t h e C a r b o n H a bi t

(One scientist calls out, “They’d
live!)
What’s that, you say?
Okay, okay. Okay.
Your friends are here.
They’re right on cue,
so all you carbon guys,
make way.
With twirling arms like these,
we’ll live a little longer.
When gale winds blow,
Their strength is even stronger.
(The new scientist walks in,
followed by windmills waving
their arms. These could be baton
twirlers, or they could hold small
oars. They do solo dance number.)
They call it wind energy.
Now I know why.
Just look at those twirlers
waving at the sky.
They leave no trace
of gaseous fumes
They garnish the sky
like daisy blooms.

Share-It Step: Performing Arts

9. Dance of the Hydrocarbons
(Compounds which contain only carbon and hydrogen)

(Dancers surround the
hydrocarbons, who continue doing
their line dance. As the windmills
take their place on the sides, the
solar panels come along, wearing
sunglasses. They are holding
cutting boards as their props.
Clenching them with two hands,
they hold the panels out, then side
to side and up as they freeze in
place and glare at the sun.)
And what have we here,
just marching along?
It’s the solar panels!
They’re up at dawn.
When they see
that morning sun,
their day of work
has just begun.
They drink no oil
and make no smoke,
and somehow,
these guys never
ever even once
come down with sunstroke.

(Solar panels are crowded out
suddenly by biomass, mopheaded
creatures that crawl on their
bellies and look like farm waste.)
Please step aside.
They’re coming en masse.
Put your shovels together
for biomass.
It’s renewable fuel,
retrieved from the ground.
From pig slop
to grass crop,
they’re coming around.
(They crawl around feet of the
solar panels. Hydrocarbons get
nervous as stage gets crowded.
The biomass does short dance
routine.)

(Solar panels give sunglasses
to half the hydrocarbons, who
reluctantly take them, as solar
panels shout out to them.)
Your old jalopies
are carbon copies.
(The windmills teach some of the
Hydrocarbons to twirl, as they call
out to audience.)
It’s a whole new wave.
It’s the energy save.
All in unison:
The energy save…the energy
save….the energy save.

It’s the 21st century
energy age,
where many ideas
can share the stage.
So everyone please,
make it happen right here.
Let’s be reminded…(all
stomp and echo)
to be civic-minded.
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Have you ever seen a cartoon where some has
a floating light bulb come on over their head? This
means the person has a great idea.
The old cartoons showed an incandescent light
bulb with a narrowed end at the bottom, but
today you will need to learn a new way to draw
the concept of a great idea. The new bulb has
a tube that swirls around down into the base,
shaped more like an amusement park ride
than like a light bulb. It is called a Compact
Fluorescent Light (CFL).
The History of Light
Pulling energy from a power source to create
electricity and harnessing it within a fragile glass
bulb proved revolutionary indeed in its day. It
may have meant job losses for the men who
climbed ladders to light kerosene street lights by
hand, but it saved lives by reducing house fires
and gave families a new way to read, talk and
enjoy life much later into the evening without
burning candles and risking house fires.
Thomas Edison had a great idea when he invented
the traditional light bulb. Of course, even the
best ideas can stand a little improvement after a
hundred years or so. For the light bulb, the 21st
century is a time of change.
Who is a Watt? Or a Watt is a What?
You may associate fame with rising to stardom
on television or in sports, but the names that
tend to receive the longest and most frequent use
worldwide are those associated with discovery.
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May your next discovery abate climate change!
For example, the International System of Units
developed a series of measurements associated with
energy and named them after inventors, mostly
from the 18th century.
James Watt pioneered the discovery of steam
engines, resulting in the development of the
term watt to measure energy conversion. James
Prescott Joule, an English physicist, became
the namesake for the joule, a small metric
unit used to measure heat or energy. Sir Issac
Newton studied thrust and force, and so a small
metric unit was named after him to measure
force against mass. When Andre-Marie Ampere
discovered electromagnetism, could he know
that ever after, the amp would be used to
describe the amount of electrical charge per unit
of time? Of course, Alessandro Volta invented
the first chemical battery, called the voltaic
pile, so the volt was named after him. The
volt measures the electric potential difference
of automotive force. What invention might
someday be named after you?
Energy by the Cup—er, Gallon—er, by the Watt?
In the last chapter, we discussed power sources,
but power is not the same as energy. Power,
rather, is the rate at which energy is used.
Understanding the units of measurement will
help us envision the fossil fuels we save or those
we consume. Think about those namesakes as you
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Standards-based Step: Science

10. Are You At Home with the New
Electric Light Bulb?

picture a watt, a joule, or a newton.
• A newton is the force that produces an
acceleration of one meter per second against
a mass of one kilogram.
• A watt is one joule of energy per second.
• One joule is approximately the energy needed
to lift a small apple a meter off the table.
• A watt describes the rate at which work can
be done when an object is moving at one
meter per second against a force of one
newton.
• The following algebraic equation expresses
these comparisons:
J 1 kg . m2
N.m
=1
1W=1 =
S
S
S3
• If a 100 watt light bulb is turned on for one
hour, the energy used is 100 watt-hours, or
one kilowatt-hour.
• A human walking up a flight of stairs burns
energy at the rate of about 200 watts. An
incandescent light bulb burns energy at 25100 watts. A CFL bulb uses only 5-30 watts
of energy.
• A kilowatt hour (used by the utility company
to measure units) is 3,600,000 joules or
3.6 megajoules. How many hours of use of
a 100-watt bulb does this represent? How
many hours of use of a CFL bulb does this
represent? How many flights of stairs of
human effort does this represent?

• You may have heard the expression, “It’s not
just what you know but who you know.”
Well, even a watt needs good connections
to work. That’s where voltage plays a role.
Work is done at a rate of one watt when one
amp flows through a potential difference of
one volt.[1]
1W=1V.A
Challenge 1: Keep track of the watts of energy
you burn each day walking up a flight of stairs,
assuming that one flight of stairs equals walking
down one long school corridor or riding a bicycle
100 feet. How many light bulbs could you light
up, if only you could tap your own energy?
Challenge 2: If you exchange four 100-watt
incandescent bulb with four 28-watt CFL bulbs
and you also exchange three 60-watt bulbs with
three 13-watt CFL bulbs, how much electricity
will you save in a year if you run your lights for
1,000 hours a year. Express it as an algebraic
equation to find the answer. How many joules
would this be? How far could you lift an apple
with this number of joules?
Key for Challenge 2:
Total kWh saved= (4 x (Wattage of Incandescent
Bulb A - Wattage of CFL A) + 3 x (Wattage of
Incandescent Bulb B - Wattage of CFL B)) x
(number of hours) x (1kWh / 1000W)
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Standards-based Step: Science

Teacher/Student Reproducible

10. Are You At Home with the New
Electric Light Bulb?

Creating an
Electrical Charge
Many American homes use Christmas trees
during the holidays. The Average modern tree
uses four strands of holiday lights, rated for 120
volts and strung with 5-watt lamps. Did you ever
wonder why so many strands burn out over the
course of a few seasons? What is your hypothesis?
Test your own ability to create electricity.
Materials:
• A strand of Christmas lights (it’s okay to
use a strand no longer lights up)
• A scissors or wire cutters
• Possibly tweezers
• Masking tape
• AA batteries
1.	Cut the wire near a light that most likely is
not burned out on a dysfunctional strand
of holiday lights.
2.	Carefully separate the plastic protective
coating from the metal wire inside.
3.	Tape the conductor side of the battery to
the metal wire.
4. See if the bulb lights up. If not, try another
bulb.
5. How do you explain your results, based
on your understanding of the science
involved? Discuss your results with a
partner.
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If you like this experiment, thank:
Christopher Bernd
Outreach Coordinator
Discovery Center Museum
711 N Main St
Rockford, IL 61103
Science@discoverycentermuseum.org

Standards-based Step: Science

11. Engineering the Future

Think about the tree light demonstration. See if your knowledge
of electricity can help you with an extra engineering challenge.
Materials:
Tape
Metal coin
Voltmeter
(or materials used in last experiment)
1. Practice safety in the science lab as try a
variation of your experiment.
2.	Tape a metal coin between the battery and
the Christmas light. Does it still hold the
electrical charge?
3. If you were to use the school’s voltmeter to
pass an electrical current through a piece
of metal and then through a piece of glass,
would you get the same results? Why or
why not? Why is this principle the same
as walking through water versus walking
through air?
4.	Research Ohm’s Law and write the
equation for it.
5. How would your understanding of the
constraints of this law affect you if you
were designing a new means of sending
energy from one location to another? For
example, if you were creating a power
grid to transport wind or solar power,
would you need a conductor made of
certain materials? Would the materials
themselves need to be environmentally
safe to create? What do you know about

the production of steel and copper versus
glass or plexiglass? Is it more costly? Less
costly? Does it harm the environment
to manufacture steel and copper? Could
there someday be alternatives to these
materials to transport power across the
country?
6.	Research this or another engineering
question.
a. Prepare at least three different types of
research to back up your hypothesis.
b.	Draw a model, with measurements of
your power grid or invention.
c. Present it to the class for feedback.
Make modifications.
d. If possible, present your findings to
someone in the industry it would serve.
Ask for suggestions and feedback.
e.	Create museum installations of any
successful models your class engineers.
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Teacher/Student Reproducible

The more wattage the light bulbs in your
home use, the more electricity your family
draws from the local power plant.
If that power source is based on fossil fuels, you
not only spend more money, you would increase
your family’s carbon footprint (the amount of
carbon you release into the air without restoring
the damage done to the atmosphere). You can
reduce your family’s carbon footprint by reducing
the number of watts you use at home each day.
During the oil crisis of 1973-1974, an engineer
named Ed Hammer noticed people taking action
by removing half the light bulbs from their
homes. He decided to use his own ingenuity to
strive for a better light bulb. He tried adding
krypton to the lamp, along with a tin coating
inside that could conduct electricity. This helped
him reduce the wattage of a 40-watt bulb to 35,
but he continued working in order to reduce it to
30. Krypton is a colorless, odorless gas (atomic
number 36), which occurs in trace amounts
in the atmosphere. It had been used before in
fluorescent lights.
A man named John Anderson had already
patented a high frequency ballast in which to put
a similar light, in fact, but Ed Hammer suspected
homeowners would not be willing to replace all
their lamps and light fixtures with new ballasts.
He wanted to invent a small spiraled tube that
would work in place of the common light bulb.
That’s when he came up with his curly bulb
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SStandards-based Step:
Language Arts/Technology

12. How Modern Ideas Take Root

design. His final product used only 32 watts of
electricity and adapted to a household fixture.
He exceeded his own goal.

Challenge: Read a biography of another inventor
whose ingenuity and civic-minded impulse
produced energy-efficiency or other positive results
for climate change.

Compact Fluorescent Lights (CFLs) use less
energy and throw less heat than incandescent
bulbs, also reducing the need for air
conditioning. In this way, they use up to 75%
less energy than an incandescent bulb. They also
last ten times longer. In many locations, this
results in a savings of up to 60% every month.
Replace four of these bulbs and you can save
$120 over the lifetime of the bulbs.
Consider this question: If you live in an
apartment building with 100 residents and each
apartment now relies on 16 incandescent bulbs
for its lighting, how much money would the
residents save by replacing the whole complex
with CFLs?
You may not yet be a full-fledged scientist or
engineer, but you can be a full-fledged change
agent, by bringing the new science to your
neighborhood. Chances are, even Thomas Edison
would approve.
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Share it Step: Science

13. Light Bulb Energy Audit

Take your parents on an adventure
through your own home.
You will need a pencil, paper, recent utility bill
and these worksheets. At the end of your journey,
decide together whether to replace the light bulbs
in your home. (If they provide the bulbs, perhaps
you can offer to provide the labor.)
Step 1:
Take a pencil and paper along as you visit each
room in your home or apartment. Write the
names of the rooms in a column across your
paper, i.e. Kitchen, Bedroom 1, Living Room, etc.
Step 2:
If your light fixtures use incandescent bulbs, look
at the wattage written at the top of each bulb.
(Remember to conduct this audit in daylight,
when the bulbs are cool, as hot light bulbs can
burn your fingers.) Counting only incandescent
lights, write down the watts on each bulb under
each column. Total the wattage at the bottom of
the column.
Step 4:
Next, write the cost of replacing the bulb or
bulbs needed in each room by looking at column
4. Add these numbers together. Before you decide
this is too expensive for your family, finish the
audit.
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Student Reproducible

Step 5:
Look at the Light Bulb Conversion table on the
following page. For each room, write down the
number of kilowatts saved. What is the total
wattage saved in all the rooms? In an algebraic
equation A x B x C, this number represents A.
Step 6:
Estimate the average number of hours per day
your family leaves the lights on in your house.
Multiply this time times 365 days per year. This
number represents B in your equation.
Step 7:
Ask your parents to see your last energy bill.
Find the place on the bill that indicates how
many kilowatts were used. Divide the dollar
amount owed by the kilowatts used. This number
represents C in your equation.
Step 8:
Multiply the amounts above to estimate your
annual savings.
Step 9:
Divide the cost of the type of bulb you will most
likely purchase (see Column 4) by the annual
savings you discovered in Step 7.

Light Bulb Conversion Table
		
Current		
Incandescent
Bulbs at
Suggested
Home
CFL Type
		

Estimated
Power
Savings in
Kilowatts Estimated
(kW)
Cost

150 W

34 W

0.116

$15

100 W

28 W

0.072

$10

75 W

20 W

0.055

$8

60 W

13 W

0.047

$6

40 W

7W

0.033

$6

Step 10
Research proper disposal methods in your
area. CFL bulbs, like all fluorescent lamps, do
contain small amounts of mercury. The U.S.
Environmental Protection Agency (EPA) deems
that breaking or crushing the bulbs can release
harmful levels of mercury into landfills. Some
municipalities have developed specialized landfill
programs for the disposal of the bulbs, and
some stores, such as Home Depot, have their
own recycling programs. Where these options
are unavailable, the EPA recommends doublebagging the bulbs and tying the ends before
disposing them.
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Send It Step: Language Arts/
Visual Arts

14. CFL Alert: Project Porchlight

Take your bright idea to the streets—especially if
you can find donated bulbs to share with others
in your neighborhood.
Work with an environmental organization
such Project Porchlight or with a local home
improvement store or utility company to
“enlighten” your apartment building or
neighborhood with free samples of CFL bulbs.
Writing Assignment
Draft a sample class letter requesting enough
bulbs to share with other members of your
neighborhood (indicate a number), for the
purpose of: 1) educating people about climate
change; and 2) encouraging them to begin using
CFL bulbs to save energy. Offer to distribute
information about the sponsor if needed.
Write a final draft of the letter and deliver it to
the manager or mail it and follow it up with a
phone call. Include elements of your letter in
brief stump speeches about the project.
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Art Assignment
Materials:
Paper bags
Colored pencil or ink
Laminator (optional)
CFL bulbs
Cut old paper bags—not new ones—into strips.
Using colored pencil or ink, design original
bookmarks showing an inventor, a CFL bubble
over his or her head and a thought bubble that
says, “Compact Fluorescent Lights (CFLs)! What
a bright idea!” Laminate the bookmarks if you
like. Give them as gifts to whoever replaces the
bulb while you wait.
Gather in teams with chaperones to visit homes
in your neighborhood. At each home, offer a free
sample of the CFL bulb and give a free bookmark.
Be prepared to talk about the light bulbs. Be
prepared to take away old bulbs for those who
make replacements as you wait.
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Share It Step: Social Studies/
Visual Arts

15. Advocacy Campaign

A man named John Javna wrote a very successful
book called 50 Simple Things You Can Do to Save
the Earth in the 1990s.
After it had been translated into 23 languages, he
became disappointed and took it off the market.
Twelve years later, he rewrote it and published
it again. He had come to realize that the pace of
climate change had reached a tipping point where
simple, individual acts alone would not keep up
with the acceleration of climactic changes.
We must continue to act as individuals, he
realized, but also do more in order to reverse
the effects of climate change before it reaches
a tipping point. He wrote: “Individual action
needs to be combined with community action.
People are strongest and most effective when we
join forces with our neighbors, especially on big
issues...”

Discussion

How many ways can you identify that people in a
community make change through civic-minded action?
Remember to include the following methods:
- by informing themselves on the issues and
then voting on issues
- through grassroots (informal) activism to
address issues
- by volunteering with community service
projects
- by lobbying for issues to be passed in Congress
(as a paid lobbyist or simply by signing
petitions or writing letters as a citizen)
- through involvement in non-governmental
or non-profit organizations
- by working for a government agency
Which paths of service are immediately available to
students and which are paths students can prepare
for by pursuing various fields of study? Give examples.
Because of the community action required to
create change, the motivation to do so must come
partly from a strong sense of civic-mindedness. It
will take more than a few people working together.
How can you continue to spread awareness beyond
your own community?
Read the selection that follows, “A Path of
Service,” and discuss the example.
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Student Reproducible

A Path of Service
Imagine that a farm family in town has
created a successful restaurant operation
using “cradle-to-cradle” design. This
means that nothing ends up in a ecological
“grave” or landfill.
At the restaurant, they compost food scraps and
use them as fertilizer at the farm. Some farm waste
ends up as biomass fuel. If the restaurant makes
too much food on a given evening, the staff takes
it to a local feeding shelter, to feed the hungry
people in their community. Nothing the farm
grows is wasted. Instead of ending up in a landfill,
it is recycled to benefit the environment or the
people who live in the community.

Suddenly, they realize that their own funds
won’t go far. They are flooded with applications.
They will have to use their fundraising skills to
appeal to nonprofit foundations, individuals and
government agencies to help.

Two siblings in the family, Damon and Angelique,
become involved in volunteer work during
high school and college. They learn a little
about community organizing with a campus
environmentalist group. They also learn about
fundraising while volunteering in small ways for a
nonprofit organization. A few years after helping
with the family business, they decide to start their
own nonprofit organization to share their family’s
resources and to encourage others to do what their
family has done.

At first, they favor loaning money to cradle-tocradle businesses for struggling farm families.
Yet they can see that many worthy people need
a start in life. They notice that families in some
developing communities are already recycling
their food, clothing and learning materials. They
might, ironically, need increased technology, in the
form of sewing machines or computers, to start
a family business. Angelique and Damon must
decide how they will develop criteria to balance
the need for more technology against the need for
reduced energy use in such cases, especially where
alternative energies are unavailable. They decide to
set up two kinds of microloans—cradle-to-cradle
awards and fresh start awards.

Angelique and Damon think about what they
learned from the family business. They decide
to make microloans available to other people
who want to operate family businesses. They go
through the legal process of starting a non-profit
organization, setting up their operations, and
designing a communications plan. Next, they
publicize their plans and begin taking applications.

They soon meet a lobbyist who has been working
to steer government funding in the Department of
Agriculture toward cradle-to-cradle farming. They
are eager to apply for grants that will help their
constituents. The lobbyist helps provide petitions
they use to encourage new legislation on the issue.
Since they are too small to pay for the services of a
lobbyist, this friend also shares information about
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Share It Step: Social Studies/Visual Arts

15. Advocacy Campaign

Sharing Individual Research
1.	Conduct online research to identify a
nonprofit organization that supports
climate-friendly technologies while
supporting a community need.
2.	Email the contacts on the website and ask
questions about how the organization was
founded, how it maintains sustainability
and whether there is a place for youth
volunteers.
3. Print your response and pool the results
with the class, to select organizations that
present valuable opportunities for service.
associations they could join that will help them get
the attention of people in government positions
who are sympathetic to the needs of both energy
and agriculture.
They also need to collaborate with nongovernmental organizations in other countries
who can help them screen the foreign candidates
for microloans. They go back to some of
the contacts they made when they served as
community volunteers. Angelique is glad she took
an economics class in school and also took the
time to do this work. Damon is glad he liked Social
Studies enough to learn a little about the world
near and far. Both are glad they learned so much
before they left school days. They learned the art
of advocacy as well as the organizational skills that
now let them improve life for other families and
communities.

Group Challenge
Think about an approach to grassroots activism
that helps you use your current skills to educate
the public. Think of the skills you practice today
and skills you may also need in the future.
Develop an advocacy campaign that will go to
people you meet locally but can also be shared
with people in distant places. Teach them ways to
protect the planet as you begin to do so yourself.

Lead by example in taking the actions on the
following page, Carbon Countdown. Make
copies of these ideas to pass around. Beef up your
campaign with some of the following options:
1.	Create visual reminders to others asking
them to act on the items on the list.
Remember to choose recyclables for your
visual campaign.
2.	Conduct a community organizing
Underline all the types of civic engagement
campaign. Assign small groups of class
portrayed in the story. Discuss what Damon and
members to act and report back on their
Angelique learned from each one.
chosen activities on the list.
3. Write speeches and public service
Diagram the cradle-to-cradle farming practices
announcements. (See the section how
that inspired their non-profit organization. How
to write Talking Points in Unit V.) Make
did they nurture the environment? Is there a
some phone calls to see where you can
similar organization, co-op or business where
become a public spokesperson as a climate
you live? Could you volunteer there, to gain
change agent.
practical experience in these techniques?
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Student Reproducible

Carbon Countdown
At the market*
It may take as much petroleum to make the
plastic bags for your shopping trips as it does
to drive to the supermarket. Instead of paper or
plastic, choose a reusable bag made of hemp or
canvas. Also choose unbleached paper towels
and napkins. Choose the food products grown
closest to home, that did not have to travel far
to get to the market.
At meal time
Use ceramic mugs instead of paper cups and
plates. Do not leave the water running while
you wash, rinse and dry them. Use as little
water as possible to prescrub them if you use an
electric dishwasher.
At gift-giving time
Start a new trend by making artistic gifts
of recyclable objects and wrapping them in
newsprint or giving them unadorned. For your
own birthday, if someone wants to give you
something, ask for something recycled or, best
yet, just ask for time spent together serving
the community. (See the project, Recycled Gift
for a Child.)
*Visit responsiblepurchasing.org for guidelines to
encourage the clubs and organizations you work
with to also make wise choices.
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At the school supply store
Purchase 100% recycled, chlorine-free copy paper.
Remind other family members to do the same
thing at the office.
At school
Walk, carpool or take mass transit. Interview
the principal about the school’s energy sources.
Is there room for solar paneling? How is paper
recycled? Does your cafeteria have a recycling
bin? What about your classroom? Create a
class crusade. Write to your local mayor as well
requesting information about the city’s green
energy measures. (Check www.usmayors.org for
details.)
At the computer
If you have a computer, check the control panels
to make sure it goes into the sleep mode after a
few minutes. Computers that run 24 hours a day
may account for a high percentage of your school
or household energy use.
At the financial office
If you or your parents have a diversified college
savings plan, pay attention to where the funds are
invested. Specialized “socially responsible funds”
use your savings to invest in green technology. If
possible, avoid funds that contribute to carbon
emissions.
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Share It Step: Social Studies/
Visual Arts

15. Advocacy Campaign

At your school club meeting
Plan your own weekend film festival with
friends. Some current selections may be
available on television at no cost through
climatechangeeducation.org/tv/html. Or you may
choose to rent several films and show them over
the course of a weekend. Possibilities include:
An Inconvenient Truth
Manufactured Landscapes
Who Killed the Electric Car?
The 11th Hour
At the department store
When you make purchases at any large company,
inquire about the energy-saving policies of the
company. For example, some franchise stores
have decided to power all their branches with
solar or wind energy. Others have determined
to package their products differently. Ask about
the policies of the company when you make
a purchase, to remind them that the public is
concerned about the decisions they make that
have a sweeping impact because of their size.

In the think tank
Change agents of the present and future must
work to remove carbon dioxide from the air,
reduce the carbon emissions reduced through
current and future energy use and manage
the effects of climate change. This will require
scientists, policy makers and industries to
work together to promote continuous, vigilant
research-based solutions.
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Share It Step: Social Studies/
Visual Arts

Student Reproducible

15. Advocacy Campaign

Home Project:
Recycled Gift for a Child
Looking for a recycled gift you can make for a
favorite niece, sibling, nephew or for someone
you babysit? Make a funny, floppy stuffed pet.
Think ahead and save the supplies to make
this gift.
Materials:
Four pairs of socks you no longer wear
Lint saved from the lint screen of a clothes
dryer
Three used buttons to sew on for the eyes
and nose
A needle and thread
Three straight pins
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1. If you want to be artistic, collect patches
of reusable fabric to sew to your pet before
you begin.
2.	Choose one pair of socks as the body of
your pet. Stuff the clean dryer lint from
as many loads of laundry as it takes to fill
one sock. Firmly pack the lint into the
sock. Pull the other sock firmly over the
first, so no lint shows through. You will
now have what looks link the body of a
sausage dog.
3. Put a small ball of link into the toes of
each of the other sets of socks, letting the
rest of the sock remain loose. (Sew any
holes in the toes before stuffing them.)
4. Fasten two limp socks together by putting
one ankle slightly inside the other. Sew it
to the top of your dog, so the floppy feet
dangle below. You now have two back legs.
5.	Complete the same process, so you now
have two front legs.
6.	Run the final pair of socks lengthwise, for
a floppy tail, stuffing extra lint into the
front for a head and snout.
7. Place three buttons strategically on for
the eyes and nose and secure them with
straight pins, then sew them into place.
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Standards-based Step: Science

16. Tipping Points and the
Tides of Change

Teacher/Student Reproducible

Discussion
Points
A tipping point refers to
the point at which a trend
becomes irreversible.
When do you think the pace of climate change
will become irreversible? Has it already? Can
merely slowing carbon emissions now be enough
to reverse it?
Do you think that scientists using the past few
centuries to predict the future rate of change can
make predictions about the ocean’s temperature,
salinity and currents?
Do melting ice floes change the pace of rising
temperatures?
Form a hypothesis and predict the reasons why
or why not. See if this experiment confirms your
predictions.
Materials:
Hot plate or Bunsen burner
Ice cubes
Candy thermometer
Water
Clock or stopwatch
1. Heat 2 parts water and one part ice over
medium high heat. Stir frequently.
2. Measure the time it takes for the ice to
begin to melt.
3. Look at the clock again when the ice is
half melted.
4.	Check again when the ice is fully melted.

Did the water heat up at a constant rate as the
ice melted? Why or why not? Did your stirring
create a different level of motion after the ice had
melted than before? Why or why not? Did the
experiment confirm your hypothesis?
Scientists only developed the tools to measure
changing temperatures, salinity and currents in
2001. In earlier years, they had assumed the rate
of change was predictable. What did your results
suggest?
The ocean works like a conveyer belt for glaciers.
It moves the warm currents toward the poles and
circulates the cool waters in a circular pattern. As
long as the large floating ice chunks stabilize this
whole process, the chemistry (pH), temperatures
and sea levels can remain predictable, supporting
countless species of fish. Many of these species
can no longer adapt fast enough to the rapid rate
of change as the melting glaciers destabilize the
temperatures, tidal patterns and salinity they need
to survive. Can we restore the oceans?
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Teacher/Student Reproducible

Standards-based Step: Science

16. Tipping Points and the
Tides of Change

Prevention and reduction of carbon emissions
go hand-in-hand with continuing research on
oceans and other tipping point indicators. The
tipping point indicators that follow have become
accepted indicators among most scientists:
1. Melting Ice
Ice at the poles reflects sunlight back into
space. Reduced ice coverage at the poles
results in reflection and more warming,
causing further melting.

n

2. Forest Dieback
Increasing heat causes tropical forests to
dieback, increasing CO2 sinks.

n

3. Boreal Forest Expansion
	Encroachment of darkly-colored forest
into tundra; larger areas then absorb
solar radiation, contributing to further
warming.

n

4. Warming Seas
Higher ocean temperatures reduce algae in
tropical seas. The algae normally controls
CO2 uptake.
5. Melting of Permafrost
Methane and CO2 trapped in permafrost
is released, raising the warming levels and
contributing to melting.
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Cause and Effect
Discuss the Tipping Point Thresholds above in
relation to the Indicators of long-term trends
below. Can you logically match each danger sign
with one of the categories above? Might some
indicators relate to more than one tipping point
or none at all?

n

n

n

n

n

n
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1-2 mm per year rise in sea level during
20th century, a faster increase than in the
19th century.
Higher frequency of heat waves since
1950.
Warmest decades and years on record have
occurred since 1990.
More intense droughts in the Southern
Hemisphere in the 20th century.
More intense monsoon seasons in the
tropics.
A major 20th Century retreat of glaciers
worldwide and
40% decline in late-summer Arctic sea ice
thickness in the last half of the century
Doubling of ice discharge from
Greenland’s ice sheet between 1996 and
2005 alone
Breakup of Antarctic ice shelves in early
2000s

Sing It Step: Choir or Music Ensemble Class

17. Stirring up Civic-Mindedness

Songs have been written expressly
to integrate the academic, arts and
service goals of the unit.
Teach the Full-Circle Learning songs “I Aspire”
or “What You Gonna Do?” from the Change
Agents CD, or other songs that you believe work
well for this unit. Search the album title on
CDBaby.com or contact FullLearningCircle.org
for more information.
You may also include songs from your local
region or from your global partner’s culture that
reflect the same themes and can be performed in
conjunction with community presentations at the
grand opening of the school-wide public exhibit.
You may also want to challenge students to write
songs the whole group can perform.

One idea for composing a group song as other
activities are being conducted:
1. Write the word “Act now” on a piece of
paper. Challenge students to think of
creative ways to respond to the line.
2. Pass the word to the first person in the
first row to write a next lyric.
3. Fold the paper so the second person
responds to the same first line.
4. Fold the paper again so the third person
responds to the second line.
5.	This person folds the page so that each
time someone writes a line, they see only
the line before theirs.
6.	Unfold the paper and read the song, to see
if it makes sense.
7. Have one student play an instrument
behind the song as others recite it as
spoken word.
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Standards-based Step: Language Arts/
Technology/Science

18. Research Papers with a Purpose

Climate change is not a static topic. As they enter college or just try
to stay involved, students will need to know how to find up-to-date
information on the various topics related to climate change.
Rather than describe outcomes that may soon
be outdated, let your students teach one another
about the current effects of climate change. In the
process, you will have the chance to teach required
the interdisciplinary skills required for writing a
research paper.
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1. First preview the sample themes on the
following handout. Explain to students
that they will write research papers and
will have a chance to apply their research
in a meaningful context, by sharing the
information with others who need to
learn. Challenge the class members to
each choose one of the topics or to design
a variation of their own. There is enough
latitude within some topics to divide the
subtopics among more than one student.
Make sure the list of topics shows variety,
as they will use their papers as the basis to:
a. create a book as a gift for the library,
possibly with illustrations;
b. conduct oral presentations, similar to
book readings, upon invitation from
the librarian; or
c. present power point or oral
presentations to teach other classes or
grade levels what they discover through
their research.
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2.	The students then keep copies of their
notes and essential questions. Schedule
the computer lab, as needed, or give
instructions on how to liven up an oral
presentation. The presentations they give
will provide substance for classmates and
for those in another grade level. You may
want to have the science teacher review
the more technical papers for accuracy.
You can also check the source notes at
the back of this book to help students
who have trouble initiating their research.
3.	After students complete each of the
benchmarks for the research paper and
submitting final drafts, they can compile
the papers in one book. (A book title
such as World Watch [Current Year]
will enable you to repeat the assignment
each year, by asking each year’s students
to report on updated facts, since climate
related topics may vary from year to year.
The public or school library could then
have a shelf on which to collect each
volume.)

4.	Ask the art instructor to recruit students
to design pen and ink illustrations for
the cover and interior of the book,
unless students have provided their own
illustrations. These images might also
become transparencies or slides for the
oral presentations.
5.	Tell the librarian about the project and
request an invitation for the students.
Invite school officials and friends in
the community who will support the
event, in addition to asking the library to
publicize it.
6. Have students each select an excerpt of
their paper to read. Approve the excerpts.
Students might also make relevant
bookmarks to distribute to attendees after
they read the excerpts of their works.
7.	Remind students to thank the librarian
in writing after the event. They will feel
prepared, then, to go to other classrooms,
as needed, to teach others what they have
learned.
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Standards-based Step: Language Arts/
Technology/Science

18. Research Papers with a Purpose

Potential Research Themes:
Carbon Levels—Higher In the Sky
or at Sea?
Ocean Acidification and Who It Affects Today
Does lower pH in the seas affect only coral reefs?
Is the “coral reef community” an eco-system or
is it the same as the world community? Are there
solutions to the problems associated with ocean
acidification? How long can the oceans on earth
sustain coral?
Mosaic of Microclimates
Revealing the Myths and
Complexities of Desertification
Why is it such a challenge to stop the process of
degradation of land once suitable for sustaining
life? How is desertification different from
drought? What plays a bigger role, short-term
human activity or long-term climactic change?
How are people adapting to desertification?
Polar Ice in Peril
Climate Change and Rising Seas
Melting glaciers and sheets of ice have already
threatened native people, wildlife and plants.
Ecosystems where polar bears, whales, walruses,
penguins and seals once thrived have shrunk.
Will the rising seas change life for humans in
the Maldives, Shanghai, and the coastal cities
of Louisiana, Texas and North Carolina? As
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the debates go on, compare six locations where
species now suffer.
The Future of Climate Change—
Sunny or Stormy?
Predicting Future Cyclones and Hurricanes
Meteorologists look at data in terms of both
centuries and decades to project the future. What
do the patterns of the past suggest about the
role of greenhouse gases in stirring up turbulent
weather patterns? How are communities
preparing for and adapting to these projections?
Preventing Pandemics
Getting the Bugs out of the System
Climate Change has already been linked to the
spread of infectious disease. How does a tropical
disease spread to various regions of the world?
How does climate change increase the chances
that it will spread? Will knowing the causes help
us prevent future outbreaks? What proposals do
you suggest?
A Shift in the Winds
Will Wildfires Eat Away the Woodlands?
A long-term increase in wildfires is not created by
drought alone but by a certain complex climactic
pattern, created over time. Is the current increase in
wildfires in the United States a result of greenhouse
gas emissions? What can we do about it?
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Student Reproducible

Cause or Effect:
Can a Drought Speed up Climate Change?
What can a carbon sink in the Amazon rainforest
teach us about the relationship of drought and
climate change? After experiencing the worst
drought in a century, what has the Amazon
taught us about the relationship of all the
symptoms of climate change? What can it teach
us about adaptation to loss?
Robbing the Forests and the People
The Impact of Deforestation on Poverty
Does forest conservation play a role in
international conflict or just in hunger and
poverty? Ask the Nobel prize winners from
around the world before deciding.
Where are the Signs of Our Thyme?
Plant Biodiversity and Climate Change
Nature Magazine reported in 2004 that 15–37%
of a sample of 1,103 species would eventually
become extinct as a result of climate changes
expected by 2050. Climate change is affecting
plant populations in many ecosystems. What
is the current report—worldwide and in your
community’s backyard? What do local plant
biologists have to say?

Prevention Versus Protection
Habitat Loss and Human Activity
The United Nations Environment Programme
and its partners track biodiversity in the world’s
regions and among its species. What do the
UNEP and the World Conservation Monitoring
Centre (WCMC) and other sources have to say
about the impact of animal diversity on human
communities? How are humans influencing
future habitat loss? What else could we be doing
differently?

(Individual students may want to report on specific
species in various parts of the world, to add to the
body of knowledge contained within the class book
and presentation. Students may also suggest other
topics relevant to your region.)
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Standards-based Step: Science

19. Kick the Carbon Habit Game

Part A:
Class Presentations
People are discovering many creative alternative fuel
sources. See how many you can use as you play the
Kick the Carbon Habit game.
The goal of the game is to match the descriptions
with the right visual. Before playing the game,
students will teach each other background
information about each topic, using the
following steps:
1.	Divide into pairs.
2.	Each pair will discuss and research one of the
cards.
3.	Outline the points on the card.
4. Make a poster with graphics highlighting
your findings.
5. Present the posters in class.

Part B:
Game Preparations
Based on the new knowledge of these topics, the
class will practice the game in class, to prepare
to present the game as part of an informational
exhibit for the community.
When presenting it for the community, exhibit
the posters nearby. Students can team up
with visitors to play the game, to expand the
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awareness of parents and the public.
1. First, download and/or reproduce each set of
Action Cards.
2. Keep a score card handy. Play in small groups
(e.g. three teams of two players each).
3. Lay the cards face down.
4.	Each team can choose a company name,
such as “The Kahlil and Bill Transportation
Company,” or “Sasha & Julie Biochemical”
or “Enya and Douglas International.”
5.	Each company takes turns picking a card,
turning it over and reading the challenge.
Your company has just selected this type
of energy. If all teams agree it is a positive
move, your team earns 5 points. (The
determination of point value is the quality
of the air you are leaving behind.) If the
choice is neutral, you earn no points. If the
choice is negative, the teams may agree to
dock you five points. Appoint a tie-breaker,
such as the teacher.
6.	Remember that your team can lose points for
an unwise choice even if yours is otherwise a
good company.
7. When there are no more cards left, the team
with the most points earns an environmental
achievement award made of—you guessed
it—nothing but pure oxygen.
8.	Cut out the descriptions on the following
pages to make cards for the Kick the Carbon
Habit game.
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Card A
Photovoltaic Cells (Solar Energy)
Passive solar heating systems can be as simple as heating water in a tub on
a coffee table, but this is not the most convenient way method for people
who want to use their coffee table for books and magazines! Solar heating
systems more commonly look like panels on rooftops. These panels are
sometimes called photovoltaic cells. These cells convert the energy of the
sun into electricity to use in homes, car or offices. The energy runs through
pipes to the buildings it heats. Scientists say that the sun that shines on our
planet in just one hour could meet the earth’s energy needs for one year.
Solar power plants are powering up the neon of Las Vegas as well as other
Southwestern communities in the US. Spain, Algeria, Morocco, Israel,
China and South Africa and Egypt have already discovered the power of
the sun for large scale power plants. On a sunny day, ten solar plants
can generate as much electricity as three nuclear reactors, without fear
of leakage. While it takes ten years to build a nuclear power plant, a solar
power plant can be build in two.
Your Challenge:
You need not power a whole city to use photovoltaic rays, however. You can
provide energy for a home or office if you have the right kind of building
and land. Your company has just purchased a new site. Because your
roof faces south, you have decided to use solar power to operate all the
machinery and lighting needs in the building.
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Card B
Wind Power
Have you see pictures of Dutch windmills? Wind has long been a common
way to move machinery such as grain or to pump water. Now you can
travel to parts of the world where many so-called windmills stand whirling
together, like baton twirlers in a parade. They are taking advantage of the
high winds to generate electricity. By 2008, wind power was increasing
24-40% per year worldwide. Denmark gets a quarter of its power this way.
Germany also takes advantage of trade winds.
The US has talked about ways to transport efficient energy supplies such as
wind energy from the plains to the crowded cities along the coasts through
a grid system that would transport the energy. This project could take time,
funding and collaboration in some regions.
Your Challenge:
Your company has some international clients in countries where the
land was deforested by cutting down too many trees for fuel. These
lands still have high grasses that you do not want to mow down. These
countries especially need the cost-effective energy wind can provide.
Now you have decided to give preference to international clients who use
wind energy for cooking and heating. At your own plant, you still use
coal because it costs less.
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Card C
Natural Gas
Natural gas is a fossil fuel, but it creates 30% less carbon dioxide than
burning oil and 45% less than burning coal. It is usually found in the same
places as both oil and coal because it is made of these same substances. In
earlier times, companies drilling for oil just burned off the gaseous air that
rose up out of the ground. Eventually people figured out how to trap it in
gas turbines. It could then generate electricity for heating and cooking. This
is what we refer to as natural gas.
Natural gas, while more efficient than oil and coal, still must be weighed
against the less invasive properties of, for instance, wind energies.
Your Challenge:
An investor has talked your company into a partnership. Together, you
have purchased a large plot of forested land. On it, you will build a new
oil refinery, an oil history museum and an amusement park. You will need
to cut down 1,000 trees and pour a lot of concrete. You will request a
new freeway to ensure more routes to the refinery and park and adjoining
hotels. The investor said he knows people who can help you waive (skip)
the environmental impact study. Your partner wanted to use oil and coal to
power up the whole project, since it is dedicated to oil, but because it will
already be taxing the environment so much, you insisted on natural gas as a
compromise or, with an honest look at carbon offsets.
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Card D
Coal-fired Power Plants
Coal is a fossil fuel used to create half of the electricity in the United States.
Have you ever barbecued with charcoal? Did you notice how black your
hands were if you touched a piece? Imagine a sky filled with this most dense
form of hydrocarbons. In the US, coal is responsible for more greenhouse
gases than any other gas, yet it has also powered more households than any
other energy source. In the early 21st century, coal trains are responsible
for 50-70% of all rail traffic in the US. A trainload of coal is burned just 12
hours after its arrival. Most households burn nine and a half tons of coal
per year without even knowing it, because it takes a pound of coal to run
the electricity in a home for four and a half hours. More than half of all
electricity in the US comes from the 600 coal-fired power plants in the US.
It is also responsible for much of the pollution in other large countries as
well. China builds two coal plants per week.
You may wonder, If coal is such a big polluter, why is it winning all these
popularity contests? The answer has always been abundance and cost. Coal
has been used in areas where it was easier to obtain than other sources of
energy, but its traveling toxic gases have now made it a dangerous choice.
Your Challenge:
Your company has just purchased a large, old building that uses coal power.
You think it would require too much money to upgrade if you switched to
another energy source. You have convinced your partners to wait and see
whether anyone complains.
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Card E
Clean” Gas
Clean coal has been used to describe the process of capturing the air pollutants
that come of a coal or oil plant before these gases reach the atmosphere. There
are several reasons why the term “clean coal” is controversial, however. As of
2008, no full-scale coal-electricity plant that sequesters 100% of its carbon
emissions had been built. Also, while scientists are developing methods of
“cleaning” coal, these processes can add 20% - 30% to the cost, so they may not
be practical, and also, many have not been tested for safety purposes.
The process used for the process referred to as “carbon capture” generally
employs scrubbers are used to accomplish this task before gas is released. Other
processes involve sequestering and geological (underground) storage of carbons.
Chemists separate the carbon dioxide from the fuel before it is burned and store
it in tiny holes in rock buried deep underground. This separation is created
by heating the fossil fuel to a high temperature and then pressurizing it until
it turns into a gas. The gas is then cleaned to remove the sulfuric, smog-like
ingredients. Pure hydrogen and carbon dioxide remain. The carbon dioxide is
pumped into a pipeline for storage in the porous rocks. The hydrogen leftover is
then used to provide low-carbon (not carbon-free) energy.
Your Challenge:
Your company has been assigned to compare the cost and safety of carbon capture
and geological storage as you consider meeting the energy needs of your region.
You must decide what is most important: cost, convenience, safety from leakage
or the effectiveness of the design. You will make a recommendation that at least
three other options be considered. You decide that you will also be truthful about
how much research is still needed about removal of dangerous carbon emissions
from coal. You recommend that your company also join with others to form a
regional agency, to make sure the industry standards are high, so locations are
chosen where there will be no seepage (leaks) of pollutants into the air.
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Card F
Geothermal Power
Have you ever seen steam engines, the early trains that used steam to
transport goods and people across America? The earth’s crust is a hot place.
When you drill in areas where underground springs are located, the steam
underneath can generate power for many other purposes as well. Geologists,
geochemists, and engineers have learned how to locate underground areas
that contain this geothermal water, so we’ll know where to drill geothermal
production wells. Once the hot water or steam travels up the wells to the
surface, they can be used to generate electricity in geothermal power plants.
These plants are designed to run 24 hours a day, all year. A geothermal
power plant sits right on top of its fuel source. It is resistant to interruptions
in power due to weather, natural disasters or political problems that can
interrupt transportation of fuels. Best yet, geothermal power plants do not
create pollution.
Your Challenge:
You remember an experiment you conducted in school with a teakettle and
a candle. Now you have your own career trying to help your country develop
green energy plants across the landscape. When your partner asks about
building a geothermal plant in a remote area where other types of power
plants were wiped out by tornadoes, you say, “Why not?”
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Card G
Hydrokinetics
This type of electricity uses turbines to capture the natural moving energy in
rivers, waves, or ocean currents. In the same way that wind turbines move
air, currents move water to produce energy-efficient electricity.
Your Challenge:
You have decided to invest in research about this new technology to electrify
the ski town you are building near a mountain village. The river will be
your source of energy. You will research the latest examples of hydrokinetics
around the world. Next, you will conduct an environmental impact study to
make sure the system doesn’t hurt the riparian ecosystem. This river habitat
feeds human communities and supports the biodiversity of the area’s last
remaining watershed.
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Card H
Bio-fuels
Have you ever smelled the gaseous odor of field burning? Local crops, native
plants or even leftover agricultural waste can be turned into fuel to produce
power, when burned. A biofuel is composed of recently decaying matter, as
opposed to a fossil fuel. Biofuels generally come from converting farm land
for human food or animal feed to farm land for fuel.
The highest-yielding biofuel crops generally produce the most energy from
the least amount of land, but sometimes it can make more sense for a
farmer to grow a lower-yielding crop if it that crop has more useful byproducts or requires less labor or if it does not drive up the cost of food.
Corn is a biofuel used to make ethanol for more efficient cars, but corn can
release emissions into the air to varying degrees, based on how it is grown,
for instance, how much fertilizer is used. Some biofuels reduce emissions
over fossil less than 15%; others by 65%. In the case of ethanol, only 1600
gas stations in the country can pump it. Some states in the US do not even
have gas stations that pump it, so it is only useful as a regional product.
When rain forests are converted into farms in order to produce biofuels,
jeopardizing biodiversity, biofuels become very controversial. They also
create disputes when food staples are used for fuel, driving up the cost of
food and/or creating food shortages. Careful choices are needed to ensure
that biofuels are positive, sustainable choices.
Your Challenge:
You are a farmer. Both fuel and food are becoming more expensive in your
area. Your crop is needed for both purposes. You have decided to research
a way to create a sustainable, mixed-use farm. You will grow your own fuel
using crop by-products rather than the crops needed as food.
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Card I
Nuclear Power Plants
Some elements in nature are unstable, To become stable, they gradually
disintegrate by emitting particles, and thus energy, in the form of radiation.
This is how nuclear power works. Uranium is used, because when its
nucleus is split in the process called nuclear fission, it creates a great deal
of energy. Since the mid-twentieth century, the US government has known
how to use this process to expand its use of electrical power. It has even
offered tax credits for nuclear power, but many have worried about the
safety of the plants, especially ever since radiation caused harm to humans
and the environment far from the Chernobyl power plant in Russia after it
exploded in 1986.
Disposing of nuclear waste can also present problems. These large plants
are expensive to build, as well. For these reasons, even though they release
less carbon into the air, most American companies are not choosing nuclear
power as an option. Nuclear power has no direct greenhouse gas emissions,
but uranium mining, refinement and waste storage can be resource-intensive.
Your Challenge:
Your country is trying to decide between geothermal and nuclear power.
You have been selected as the minister of energy and will appoint several
people to the panel. You must determine whether to include those who
regard safety issues as well as those who are concerned only with the output
of energy per capita. You have decided to weigh the climate change issues,
the safety issues and the cost together by appointing an unbiased panel of
scientists and economists and health experts to the team.
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Share It Step: Technology/Visual Arts

20. Have a Blast with Renewable Energy at Home

You may have seen hillsides covered with wind turbines to
generate power for an industry or a town, but have you ever
imagined a wind turbine in the backyard of your own home,
school or apartment building? A blast of wind overhead could
save a lot of wattage inside the house.
Small wind generators at a rated capacity of 1.2
kilowatts can generate 25-30% of an average
home’s power. A 30-foot tall wind turbine may be
a bit noisy, at 20 decibels, but perhaps not as loud
as traffic on a busy street or the occasional music
from passing cars. Manufacturers in Sweden have
even begun marketing a small, attractive energy ball,
which sits on your rooftop like a rooster-shaped
weathervane to produce continual wind energy.

school district. You would need to combine
collaboration skills and science-based skills to
help your school to practice moderation.

For example, a school district in Northern California
became an experiment in collaboration when it set
out to go green. The K-8 Lagunitas School had to
relocate to meet the requirements for earthquake
reconstruction. They had committed to technology
that would help the school moderate its own
Solar companies are also scoring new points on the carbon-based energy sources. As a public building,
the Lagunitas School could not take advantage of the
rooftops of homes. Instead of having to maintain
same tax credits as a business or homeowner. It had
their own solar systems, homeowners in California
no ready cash, as it was not a business that could
and Spain began to use third-party providers to
seek a loan. Several committed community players
maintain rooftop solar systems in 2008. You no
got involved, to help the plan unfold.
longer need to be a large company to have greater
n The local utility company: Offered a solar
options for using renewable energy services.
rebate.
n  
A
green-focused architect: Had been asked to
Challenge 1: What new device would you design to
work
on the school gymnasium and asked
make one of the current technologies more useful
a community solar energy advocate for
for homeowners or small businesses? Draw it on
additional help.
graph paper to make an architectural rendering.
n   The solar energy advocate: Pulled in a local
Discuss the pros and cons of the model with your
foundation and a local energy company to
class. Revise your drawing. Then try making a model
help
for your school-wide exhibit.
n   The foundation and the energy company:
Arranged a plan for financing and
Public Call to Action
management, so the school wouldn’t have to
Making personal decisions among small
choose between books and solar energy!
groups of people in a family or business is
n   The team: Evaluated the cost of putting
challenging enough. The stakes are higher when
the solar panels on the gymnasium, which
you serve the public. Imagine you work for a
faced west and didn’t get much sunlight,
11 8 |
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Student Reproducible

n

and putting it in the yard as a freestanding
unit, to face south and capture more
sunlight. They presented the options to the
community.
The community: Voted for the less expensive
plan. In the end. the ground-based solar
panels were installed at the new school. The
project saved the district many thousands
of dollars, reduced the school’s energy
needs by 85% and saves 70 metric tons of
carbon dioxide emissions annually. (This
is equivalent to saving 7,600 gallons of
gasoline per year.)

Challenge 2: Interview a member of your school
board or school district whose position relates to
facilities. Design a questionnaire asking what is
being done to reduce carbon emissions districtwide. Ask what community partners are assisting
with the effort or could assist with the effort. Offer
to recognize those partners at your school-wide
exhibit with certificates, songs or speeches or simply
by posting their names on a wall.
Challenge 3: Identify a public space within
your local community and advocate for its uses
in ways that will increase oxygen-producing
greenery and habitats for multiple species, to
encourage biodiversity. For example, a regional
park in one city had a chance to acquire adjacent
land where oil rigs had remained active for many
years. Students encouraged the park to revitalize

the space and recommended its specific uses. To
conduct this project:
n Through field work, interviews and online/
periodical research, identify any local species
whose numbers have dwindled due to
disappearing habitats. (Check with your local
Audubon Society, Sierra Club, Forest Service
and Conservation Societies.)
n Identify human needs that do not increase
the effects of climate change (i.e. canoes vs.
motor boats).
n Hold a mock town hall meeting in which
each person in the classroom advocates
for one of the species or enthusiasts of a
pastime. After the meeting, vote for the
uses participants would most like to see in
the public space. Each vote counts for one
acre. This will give the relative proportion
of the classroom community’s public space
priorities.
n 	On a piece of graph paper, each student
converts acres to squares. Each one designs
a blueprint based on the actual size of the
public space.
n Invite the public officials to the classroom or
arrange a field trip to visit them and present
the blueprints. Give a music and/or dance
performance at the site based on climate
change content. Give gifts of art work as well.
n Consider inviting the officials to appear at the
community-wide climate change event your
school will present.
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Sustain-It Step: Language Arts

21. Reflect on Civic-mindedness

Allow reflection time for
students to discuss the
successes they have experienced
so far in practicing civicmindedness. Identify who in
the community has benefited
so far from the students’ work.
Use these as the basis for
sharing journal entries aloud.
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