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Dear Educator,

Welcome to Aluminum Beverage Cans: The ABCs of Environmental Education, an
easy and fun resource for teaching students many important concepts about the
environment. Environmental education is a lifelong process that must begin early to
instill lasting habits in our environmental caretakers of tomorrow. By introducing
elementary school children to the concepts presented in this kit, teachers will begin
to build a foundation of skills and knowledge that will help students make sound
decisions for our environment in the future.

Aluminum Beverage Cans: The ABCs of Environmental Education includes
background information, in-class experiments and extracurricular activities intended
to meet the environmental education material guidelines of the North American
Association for Environmental Education and Project 206 |: Benchmarks for Science
Literacy. The concepts and learning outcomes adapted in this kit have been created
to ensure that students at the intermediate level are literate in a common set of
standards that promote responsible analysis of the world’s environmental
challenges.

Aluminum Beverage Cans: The ABCs of Environmental Education uses the
aluminum beverage can as a case study in environmental education.The can
provides a snapshot of the role scientific and environmental concerns play in the
development and use of packaging. By studying the many attributes of aluminum
cans, students will see first-hand the challenges that industry faces in protecting
the environment, while also providing consumers with safe, enjoyable products.

The aluminum beverage can is the most recycled and recyclable consumer
beverage package on the market today. Currently, two out of every three aluminum
beverage cans are recycled. Empty aluminum cans that are recycled are often
back on grocery store shelves in as few as 60 days, saving energy, reducing litter
and conserving natural resources. It is important that children develop skills and
knowledge about recycling so they can make sound environmental decisions today
and in the future.

This resource kit is flexible enough to allow for as little or as much time as
you have to devote to environmental education. Teachers can spend one class
period or an entire week using the lesson plans and extracurricular activities
presented here. There are seven in-class lesson plans, as well as many suggestions
for extracurricular activities. Some activities, such as initiating a recycling program
at your school, are ongoing projects that can take up to a whole school year.

No matter how much time you choose to devote to the curriculum, however,
remember to always promote a balanced study of environmental challenges.

Thank you for taking the time to teach our future leaders about the many
challenges that face decision-makers in balancing environmental protection with
social, economic and political considerations. It is only through responsible analysis
of these issues that we can truly make a difference.

Sincerely,

Edward |J. Mcgea Robert R. Budway )
Executive Director President

North American Association Can Manufacturers Institute

for Environmental Education




© Can Manufacturers Institute, 2004. Reproduction may be made only where
indicated in this kit, otherwise with written permission from the Can
Manufacturers Institute. Curriculum participants expressly waive all liability for

accident or injury from lessons or experiments derived from this kit.
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VSING THIS XiT

Check out the Matrix of Lessons and Conceptual

—I Content on page 20.You'll see how each lesson helps
you meet intermediate-level guidelines for student
science literacy.

2 Review the background information in the first
section of the kit for a basic understanding of the can
manufacturing process.A simpler handout describing
this process has been created and is provided for
students. Consider using it as homework reading, or
integrate it into the lessons where appropriate.

3 Explore! This kit contains ready-to-use lesson plans,
supplemental handouts and hands-on materials that
you can use to engage your students in environmental
education. Each lesson contains detailed procedures,
wrap-up activities and ideas for extracurricular
projects. Adapt lessons and points of emphasis as
you see fit.

Many activities are interactive. If your school is lean
on science equipment or if your students function
best in a more structured, teacher-directed
environment, consider demonstrating the activities
yourself.

E If you like these lessons, share them with other
intermediate-level (fourth through sixth grade)
teachers. Many activities can be adapted in breadth
and depth to appeal to older students.

S The best way to ensure that the issues considered
in this curriculum make a lasting impression is for
students to plan an action project. Use the
information provided in Lesson 7 and the Cans for
Cash Challenge materials included in this kit as a
starting point.




THE HISTORY oF
C€AN MAXINZ

This is the story of the metal can, from the days when it was
laboriously made by hand in crude workrooms at the rate of 10 cans
per day to the present day, when high-speed machinery produces
2,500 cans or more per minute on a single production line.The
story of this valuable container encompasses explorations, discoveries,
wars, peacetime progress, world health improvements and
technological advances. Dating back over two centuries, the can has
evolved to meet ever-changing market demands around the world.

The metal can is a simple package that protects its contents
against the ravages of time and nature. It requires no special handling
precautions since it is rigid and unbreakable. It has proven so
successful because of these characteristics that it is impossible to
imagine modern society without it. Today, cans are used most
commonly to package carbonated beverages and freshly harvested
fruits and vegetables. Beer and soft drink cans keep beverages
flavorful, fresh and carbonated for long periods of time. Cans ensure
uniformity of product quality. Your favorite beverage will taste the
same whether you buy it in Oregon or Florida, Maine or California.
Cans are also used to store fruits, vegetables, meats, fish and
ready-to-eat meals, giving us access to nutritious foods year round.

In addition to its many practical uses, the can has assumed major
economic responsibilities. Many Americans have come to rely, both
directly and indirectly, on the can industry for their livelihood.

For example:

* The can industry contributes more than $15 billion to the
U.S. economy by providing jobs, paying taxes and purchasing
local goods and services.

* Approximately 131 billion cans are produced each year
in the United States.

* There are more than 170 can manufacturing plants in
36 states.

* More than 26,000 Americans are directly employed by the
can industry.

The Can:A Brief History Lesson

The story of the can begins in 1795, when the French Directoire
offered a prize of 12,000 francs to anyone who could present the
government with a new, effective means of preserving food.
Nicholas Appert, a Parisian who had worked as a candy maker,
chef, brewer, pickle maker and vintner;, had an idea:Why not pack
food in bottles like wine?

For the next |5 years, he researched and tested his idea. Finally,
after partially cooking food, sealing it in bottles with cork stoppers,
and immersing the bottles in boiling water, he arrived at his theory:
If food is sufficiently heated and sealed in an airtight container, it will
not spoil.

Appert demonstrated his theory to Emperor Napoleon Bonaparte
by sending samples of preserved foods to his army. Napoleon had
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said,“An army marches on its stomach.” Looking at his military
career, we know that he had learned through hard experience that
it does: scurvy and hunger disabled many more of Napoleon’s
soldiers than combat itself. Appert’s samples, including partridges,
vegetables and gravy, were sent with soldiers to sea for over four
months. “When opened, |8 different kinds of preserved foods were
tasted,” Appert wrote, “every one of which had retained its freshness,
and not a single substance had undergone the least change at sea.”
Appert was awarded the 12,000 francs by Emperor Napoleon
Bonaparte himself.

The British responded directly to this development. If Napoleon’s
troops were able to extend their marches by carrying preserved,
nutritious supplies, His Majesty’s forces must be prepared to do
likewise. In 1810, King George lll granted Peter Durand a patent for
his idea of preserving food in “vessels of glass, pottery, tin, or other
metals or fit materials” Durand wanted to surpass Appert’s invention,
so he elected to try tin instead of glass. Like glass, tin could be sealed
airtight. But tin was not breakable and was much easier to handle.
Thus, he replaced the breakable glass bottle and less than dependable
cork stopper with a cylindrical canister fashioned out of tin plate,
which is simply iron coated with tin to prevent rusting and corrosion.

Durand himself did no canning, but two other Englishmen, Bryan
Donkin and John Hall, used Durand’s patent. After experimenting for
more than a year, they set up a commercial canning factory and by
1813 were sending tins of food to British army and navy authorities
for trial. Included on the list of military bases, ironically, was the island
of St. Helena, to which Napoleon Bonaparte was eventually exiled.

Expansion of the Industry

Perhaps the greatest encouragement to the newborn canning
industry was the explosion of new colonial territories. Explorers in
search of the elusive Northwest Passage were eager to use canned
foods. Russian explorer Otto von Kotzebue heard of a “discovery
lately made in England” that seemed “too important not to be
made use of”” and took some preserved meats with him on his
voyage.When Sir William Edward Perry sailed for the Northwest
Passage in 1819, he carried Donkin’s provisions, which again proved
eminently satisfactory.

As people and goods were transported across all parts of the
world, the can industry itself expanded into new territories.
Englishmen who immigrated to America brought their newfound
knowledge with them. One of them was Thomas Kensett, who
might fairly be called the father of the can manufacturing industry
in the United States. In 1812, he set up a small plant on the New
York waterfront to can the first hermetically sealed oysters, meats,
fruits and vegetables in the United States. (The word “hermetic”
comes from Hermes, the Greek god of invention. It means airtight.)

The American Gold
Rush.of 1849 created.an
urgent need for food that
could be preserved for
long periods-of timeand
transported over great
distances. Travelers
heading west to open new
settlements carried food
packed in metal cans by
canners in the East.
Settlers in rugged and
remote parts of the
country began to see the
advantages of having
canned foods on hand
for nutrition and variety
in their diets, as did
frontiersmen.on.scouting
trips and fortune hunters
panning for gold. Canned
seafood, fruits-and
pickles were just a few
of the foodstuffs these
migrants brought
with them.
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Technical Breakthroughs

Just before the Civil War; a technical advance by canners enabled
them to speed up production. Adding calcium chloride (a salt) to
the water in which cans were cooked raised the water temperature,
speeding up the canning process. During the Civil War, metal cans
filled with wholesome foods ensured dependable rations for men
on the battlefronts. At war’s end, soldiers and sailors returned home
with praise for the safe, portable and preserved foods. The canning
business boomed from a pre-war annual output of 5 million cans to
30 million cans annually in postwar years.

For almost 100 years, tin cans were made by hand. It was a laborious
process, requiring considerable skill and muscle. Artisans cut the
rectangular body and round ends from a tin sheet, bent the body
around a cylindrical mold, and then soldered the seams along the
sides and ends. A small circular hole was left in one end, through
which the food was forced. Finally, the artisans closed the hole with
a soldered metal cap.

As the industrial revolution took hold in the United States, the
demand for cans increased, and machines began to replace the
artisans’ handiwork.A good artisan could make only 10 cans a day.
Mechanical end-seaming and other improvements increased that
number to as many as 60.

Beverage Canning

As early as 1940, can manufacturers began to explore adapting cans
to package carbonated soft drinks. The can had to be strengthened
to accommodate higher internal can pressures created by carbonation
(especially during warm summer months), which meant increasing
the thickness of the metal used in the can ends. Otherwise, distortion
of the end would strain the seal, creating potential leaks or making
cans unstackable for storage and transit.

Another concern for the new beverage can was its shelf life. Even
small amounts of dissolved tin or iron from the can could impair
the drinking quality of both beer and soft drinks. Fortunately, beer,
which is only mildly acidic, is relatively noncorrosive. In addition,
beer ages naturally, so it has a limited shelf life of about three months
in any package. In contrast, the food acids, including carbonic, citric
and phosphoric acid, in soft drinks present a risk for rapid corrosion
of exposed tin and iron in the can.The off-flavors, color changes and
leakage through the metal needed to be addressed. At this point,
the can was upgraded by improving the organic coatings used to
line the inside, making cans heavier and more encasing.

The use of cans for carbonated beverages was delayed because
of wartime material limitations mandated by the U.S. government.
When the restriction ended in 1953 after the Korean War, the
improved can was introduced and marketed nationwide. The can
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manufacturers then embarked on a program of material and cost
savings by reducing both the amount of steel and the amount of
coatings used in can making. These efforts were in part inspired by
a new competitor — aluminum.

The Invention of the Aluminum Can

Beverage cans made from aluminum were first introduced in
1965.This was an exciting innovation for the packaging industry
because the aluminum can was made with only two pieces — a
body and an end.This made 360-degree printing possible on the
body of the can, enhancing store display appeal. A can could now
advertise its contents completely by drawing the consumer’s eye to
the package and creating a visual appeal to spur purchases of one
brand over another.The steel industry followed with its own two-
piece can, but it was never fully accepted by brewers and soft drink
bottlers. By 1985, the aluminum can dominated the beverage market.

Some of the reasons for the aluminum can’s acceptance were its
ductility (ability to be molded), its support of carbonation pressure,
its lighter weight, its ability to chill quickly and its resistance to
corrosion (aluminum does not rust). Both steel and aluminum cans
used an easy-open end (initially the pull-tab, now the stay-on tab),
but the aluminum tab was much easier to make.

Cans and the Environment

Prior to 1970, both steel and aluminum cans were made from virgin
materials, with the exception of small amounts of scrap recycled
from the manufacturing process. Can makers, customers and
consumers alike were unaware of the impact that the mining and
manufacturing of steel or aluminum had on the environment.The
concept of natural resource preservation was not an issue of great
importance and the low growth of population during these early
years further de-emphasized concerns for resource depletion. Both
industries, however, came to realize the importance of reducing
their impact on the environment in the late 1960s and early 1970s,
as a new environmentally conscious generation emerged and began
to develop responsible solutions to address the problem.There
were incentives to initiate recycling. Problems with litter, which was
duly noted by the consumer “Ban the Can” campaign in the late
1960s, offered additional reasons to remove cans from the waste
stream. At the same time, manufacturers began to recognize the
economics of recycling, namely lower manufacturing costs from
using less material, less energy and less mining waste.

Perhaps the most
critical element in the
aluminum can’s market
success was its recycling
value. Aluminum can
recycling excelled
economically in the
competition with steel
because of the efficiencies
aluminum-cans-realized-in
making new cans from
recycled materials versus
100 percent virgin
aluminum. Steel did not
realize similar.economies
in the recycling process.
Aluminum can recycling
became common and
responded to the
growing concerns of
environmentally conscious
consumers about the
depletion.of natural
resources and the
consequences of
what was deemed
“a throwaway society.”
The opportunity to
market the all
aluminum can as
recyclable-and
environmentally friendly
led to its growing
acceptance as a
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Advances in can
manufacturing technology
have also brought us
lighter aluminum cans.

In 1972, one pound of
aluminum yielded only
21.75 cans.Today, by using
less material to make
each can, one pound

of aluminum makes
approximately

34 cans — a 55 percent
improvement. Even the
can.ends.have been.made
lighter: the old ends
weighed about 7.99
pounds per thousand;
now they weigh a mere
6.06 pounds per
thousand. It may not seem
like much, but when you
multiply.the.savings.by.
the 100 billion cans that
are made each year,

the weight savings is
phenomenal — over

200 million pounds

22 cans = one pound of

2003

34 cans = one pound of
aluminum

1972

aluminum

In 1970, when the nation was celebrating its first Earth Day, the
aluminum can recycling infrastructure began to take hold. Can
makers paid cash for empty cans to create value and incentive for
consumers to bring back their used cans. This has become a model
for other industries.

By the 1980s and 1990s, recycling had become a way of life. The
recycling infrastructure had matured, and aluminum cans became
even more valuable as evidenced by the steady increases in the
aluminum can recycling rate. Aluminum can recycling has become a
billion-dollar business, employing thousands, and one of the world’s
most successful environmental enterprises. Cans have come to be
known as America’s most recyclable package. Over 53 percent of
aluminum cans are recycled annually. Aluminum cans represent less
than | percent (0.4%) of total landfill volume.

Aluminum can recycling is praised by environmentalists and
government officials alike. Today, consumers are helping to divert
more than two billion pounds of aluminum per year from the solid
waste stream, keeping it out of landfills. What’s more, making new
cans from recycled aluminum saves 95 percent of the energy needed
to make aluminum from virgin material. Energy savings last year
alone were enough to light a city the size of Pittsburgh for six years!

Thanks to developments in the can-making process, manufacturing
new cans from used aluminum cans makes good economic sense.
An average of 54.5 percent of each new aluminum can is made
from recycled aluminum, saving companies and consumers money
compared with the use of virgin aluminum. Using recycled aluminum
also saves precious natural resources by reducing the amount of
bauxite mined to make aluminum.The aluminum beverage can
returns to the grocer’s shelf as a new, filled can in as few as 60 days
after collection.

of aluminum!

Each year, thousands of groups across the country turn cans into
cash by collecting and recycling them. Many organizations, including
schools, Boy and Girl Scout troops, 4-H clubs, and other nonprofit,
charitable community groups, are able to raise money to complete
worthwhile projects that may otherwise have gone unfunded.This
aluminum beverage can buy-back system has been in place since the
early 1970s. Last year consumers
turned aluminum cans into cash 7o
with the industry paying nearly sor cos
$1 billion to recyclers.A coast- ::: 55 i i i
to-coast network of more than  __| L B2
10,000 buy-back locations 20} 24 i i i - i i
cooperating with more than 1o i ‘ i i i

6 9,700 cities and counties ° 1972 1983 1986 1990 1993 1996 2000 2002

with curbside collection makes Aluminum Can Recycling Record
recycling easy. 1972-2002 Billions of cans recycled




THE ALUMINUVMN

BEVERALE CAN

MANVFAC TURING PROCESS
Teacher Background

Now that you are familiar
with the history of the can-
making process, we turn to the
technical side of exactly how
aluminum cans are made. Keep
in mind the distinction between
food cans, which generally are
made of steel, and beverage
cans, which are almost always
made of aluminum. For purposes
of this resource kit, we are
focusing on aluminum cans,
even though some of the
lessons and activities will help
students explore the differences
between the two types of cans.

Aluminum Manufacturing
Aluminum is a plentiful
material found in the earth’s
crust. It occurs naturally in a
mineral called bauxite. Most
bauxite is surface mined
overseas and shipped to the
United States for processing.
Bauxite, when refined to
remove impurities, produces
a fine, white powder called
alumina or aluminum oxide.
A continuous electric current is
applied to the alumina powder,
separating the aluminum from
the oxygen. Next, small amounts
of other metals are added to
the molten aluminum to add
strength and corrosion
resistance to the final product.
The molten metal is cast into
30 foot, 40,000 pound ingots,
which are then rolled into long
sheets, coiled and sent to the
can or end manufacturing plant.

Can Body Manufacturing
The aluminum beverage can

consists of two pieces — the

can body and the can end (or

lid). The manufacturing process
begins with coils of aluminum.
Each coil typically weighs about
25,000 pounds and, when rolled
out flat, can be anywhere from
20,000 to 30,000 feet long and
five to six feet wide.

The aluminum coils are
loaded onto an *“uncoiler” at
the beginning of the can-making
line. The uncoiler unrolls the
strip of aluminum and feeds it
to the lubricator. The lubricator
deposits a thin film of water-
soluble lubricant on both
sides of the aluminum sheet.
Lubrication allows the metal to
flow smoothly over the tooling
surfaces during the forming
processes that follow.

Metal forming begins in a
large machine called a cupping
press.The press cuts circular
discs from the aluminum sheet
and forms them into cups.The
cups drop from the press onto
the cup conveyor. These two
metal-forming operations are
called “blank and draw” and are
performed at speeds ranging
from 2,500 to 3,750 cups per
minute. The scrap (or skeleton)
aluminum left over from these
operations
is removed
from the
production
line for
recycling.




The cup conveyer moves
the cups to one of a series
of body-makers where the can
is made. Each body-maker
contains a tool called a punch,
which forms the shape of the
can by forcing the cup through
a series of progressively smaller
circular ironing rings. This action
literally draws the metal up the
sides of the punch, ironing it
into a can body. As the cup is
forced through the rings, its
diameter is reduced, its walls
are thinned and its height is
increased. At the end of the
punch stroke, the bottom is
formed into a dome shape that
strengthens the bottom of the
can. During this process,
referred to as wall ironing, the
can must be lubricated to
reduce frictional heat. This is a
high-speed process producing
1,750 to 2,700 can bodies
per minute. The lubricant is
constantly recirculated through
a filter and reused.

Once released from the
body-maker; the top of the
can is trimmed mechanically
to a uniform height, and the
trimmed-off scrap is recycled.
The can bodies are conveyed
through a washer that removes
the forming lubricants before
the application of the outside
decoration (or label) and inside
protective coating. Can washers
are large, typically 12 feet wide
and 100 feet long. The washed
can is discharged through a
dryer where it is dried with
forced hot air and then moved
to the decorator or printer.

The decorator applies the
label to the outside of the can.
The cans are conveyed through
the decorator on a mandrel,
which rotates the can in contact
with a printing blanket. The can,
now coated with wet water-

based ink, moves to a rotating
varnish-application roll that
applies a clear coating over the
entire sidewall. The clear coating
protects the label from scratch-
ing and contains lubricants that
facilitate can conveying. The can
is transferred from the decora-
tor onto a pin (so that only the
inside surface is contacted) and
is conveyed through a decorator,
or “pin,” oven where the label
is dried with forced hot air.

Following application and
curing of the exterior label
(lithography), the can is
conveyed to a bank of spray
machines that spray the inside
with an epoxy-based organic
protective coating. The inside
coating is also cured by forced
hot air. The coating prevents
the beverage from contacting
or reacting with the metal in
the can body, even though
aluminum is a relatively
nonreactive material. Both the
exterior overvarnish and the
interior protective coating
are made with water-based
materials to prevent harm to
the environment.

After the can leaves the inside
bake oven, it passes through a
lubricator that applies a thin
film of lubricant to the exterior
of the top of the can where the
neck and flange will be formed.
Most soft drink cans in the
United States today are desig-
nated 202/21| diameter.This
means the top of the can has
been reduced — necked down
— to 2 2/16 inches in diameter
while the body is 2 !/16 inches.
This necking process creates
the unique curved shape of the
top of the can. A flange (or lip)
is formed at the top where the
end will eventually be sealed
into place after the can is filled.



All finished cans are evaluated
for leakage with a light tester.
The can flange is clamped
against a sealing surface and, as
the machine rotates, the outside
surface is exposed to a bank
of extremely bright lights. A
photocell inside the can detects
any entering light, triggering a
reject mechanism. Rejected
cans are recycled. The photocell
detects leaks as small as .001
inch in diameter, smaller than
the diameter of a strand of
human hair. Many tests and
measurements are conducted
during the can manufacturing
process to ensure that can
dimensions and performance
standards meet industry and
customer criteria. After testing,
the finished cans are placed on
pallets for shipment to the
customer filling operations.

Can End Manufacturing
Like can body manufacturing,
modern can end manufacturing
starts with placing a coil of
aluminum on an uncoiler. The
aluminum used for end manu-
facture is precoated on both
sides with organic protective
coatings containing lubricants.
There are no plate lubrications,
washing, coating or baking
operations in the modern end
manufacturing plant.

The uncoiler feeds the plate
directly into a shell press, which
is similar to the cupping press
in the can body manufacturing
process. The shell press blanks
a circular disc and forms it into
a shell. This is a high-speed

operation — the latest design
shell presses produce more
than 5,500 shells per minute.
The shell is discharged through
a curler that forms the precise
shape required for double seam
formation (the operation that
seals the can end to the flanged
top of the can body after the
can is filled).

After curling, a liquid sealing
compound is applied to the
end.The shell is moved onto a
conversion press where the
score (or opening area) is
formed and the tab is attached
within this process by an
integrated tab dye. Conversion
presses produce up to 1,800
ends per minute. Modern
beverage can ends have retained
(or stay-on) tab openings to
prevent litter.

Again, quality assurance testing
and measurement takes place
throughout the end manufac-
turing process to ensure that
end dimensions and performance
standards meet industry and
customer criteria. Finally, the
ends are wrapped in paper
sleeves and stacked on pallets
for shipment to the customer’s
filling operation.

Can Packaging and Filling
The cans and ends are
inspected and prepared for
shipment. The ends are placed
in sleeves resembling long tubes.
The can bodies are carefully
palletized. The aluminum beverage
can is designed to withstand
the pressure of carbonation,
which gives the can added rigidity.
Meanwhile, care is taken to
eliminate sideway stresses when
shipped empty. The thickness of
the sidewall is about that of a
glossy magazine page. Cans filled
with noncarbonated beverages
are injected with a special nitrogen
during filling to pressurize.

This section has been
adapted from William J.
Forsythe’s “Two Piece
Aluminum Can and End
Manufacture,” 1996.
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THE ALUMINVM

BEVERALE CAN

MANVFAC TURING PROCESS
Student Background

Aluminum is made from a
plentiful material found in the
earth’s crust. It occurs naturally
in a mineral called bauxite. Most
bauxite is mined overseas and
shipped to the United States for
processing. The aluminum in
bauxite is formed when the
material is refined to remove
impurities. The refining process
produces a fine, white powder
called alumina or aluminum
oxide. Electricity “zaps” the
aluminum powder with a
continuous electric current,
which separates the aluminum
from the oxygen.The electricity
melts the aluminum so that it is
hot and bubbly, like lava. Next,
small amounts of other metals
are added to the molten
aluminum to add strength and
corrosion resistance to the final

product. The molten metal is
cast into 40,000 pound ingots or
blocks, which are then rolled into
long sheets and coiled (or rolled
up like a sleeping bag).The
aluminum is then sent to the

can or end manufacturing plant.

The aluminum beverage can is
made with two pieces — the
can body and the can end (or
lid). The manufacturing process
starts with coils of aluminum.
Can plants use mass quantities
of aluminum coil every day to
make can bodies or ends. Each
coil typically weighs about
25,000 pounds and, when rolled
out flat, can be anywhere from
20,000 to 30,000 feet long and
five to six feet wide.

The aluminum coils arrive at the can plant
and are loaded one at a time onto an
“uncoiler” — a machine that unrolls the
strip of aluminum at the beginning of the
can-making line and feeds it to the line,
where it is first lubricated. Lubrication
helps the aluminum flow smoothly during

the can-shaping processes that follow.

A large machine called a cupping press
starts the can-shaping process.The press
cuts circular discs from the aluminum
sheet and forms them into shallow cups.
The cups drop from the press onto the
cup conveyor. These two metal-forming
operations are performed at high speeds
and make 2,500 to 3,750 cups per minute.
The scrap (or skeleton) aluminum left
over from these operations is removed

and recycled.



From the cupping press, the cups are
drawn up into higher cups through

a series of iron rings. Now the aluminum
is starting to look like a can.This machine
also forms the dome in the bottom

of the can that helps increase the

strength of the container.

The tops are trimmed off to make
them even — each can is the same
height and width.

A washer cleans and dries the can bodies

so they can be decorated.

The cans proceed to a printer; where six
to eight colors of ink may be placed on a
can at the same time. The can spins
around as the label is applied.

Finally, a coating is applied that makes
the outside of the can shiny and protects

the newly applied paint.
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Next, the can goes to an oven, where the
paint and coating are baked onto the can

to prevent chipping.

Next, the can’s inside is coated with a
spray to keep what is in the can from

touching or reacting with the metal.

The can is baked in an oven again to seal

the coating onto the can.

The top of the can is now made narrow.
The narrow neck is where the lid of the
can will be placed once the can is filled.
A lip is formed, called a flange, that will
help seal the lid in place after the soft

drink is put in the can.



Finally, all finished cans are tested for
leaks. A light tester can find holes smaller

than a strand of human hair.

The cans are put on pallets. The pallets

[

are shipped to soft drink companies,

which will put the soft drinks in the cans.
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The lids of the cans, called can ends, are
made separately and shipped separately to
the soft drink companies. Like can body
manufacturing, the end-making work starts
with a coil of aluminum.The aluminum is

uncoiled, lubricated and fed to a machine

that makes it into a round shell.

The shells are coated with a sealant and
dried. This way, none of the soft drink will
actually touch the metal. Next, a machine

makes a button on the end where an
easy-open tab can be secured into place.

The easy-open tab makes it possible for

you to open the canned soft drink by
simply pulling up and pushing back the tab.
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A WoRD ABOUT

Benchmarks for Science Literacy and Compliance
with Environmental Education Materials:

Guidelines for Excellence

Project 206 1: Benchmarks
for Science Literacy

The study of the life cycle of the
aluminum beverage can offers a
snapshot of the role scientific and
environmental concerns play in the
development and use of packaging —
issues that relate to scientific
benchmarks targeted at the
intermediate level. The following
benchmark themes were used as
guidelines for developing the kits,
concepts and learning outcomes.

Students should learn to identify
different ways to investigate things,
as well as the reasons for different
outcomes and analysis. (Adapted
from The Nature of Science: 1B,
Scientific Inquiry.)

Students should be encouraged to
describe things mathematically in
terms of numbers, shapes, graphs,
operations and geometric drawings.
(Adapted from The Nature of
Mathematics: 2C, Mathematical
Inquiry.) Lessons 2 and 5 ask students
to observe, record their observations,
calculate “what-if”’ scenarios, and
evaluate the results of their activities.
Extension activities throughout the
unit suggest ways students can use
graphs or other mathematical
concepts as they extend their
knowledge of aluminum cans and
aluminum can recycling.

Students should know that the use of
technology enables scientists to make
better observations. (Adapted from
The Nature of Technology: 3A,
Technology and Science.) Lessons 2, 3
and 4, which introduce students to
chilling, closed-loop recycling, and
precycling/lightweighting, acquaint
students with the role of technology
in scientific observation. Students
should know that there are many

trade-offs in design considerations.
(Adapted from The Nature of
Technology: 3B, Design and Systems.)
Lessons | and 4 examine the

LVEARN

NETER

properties of packages and the
need to conserve resources, factors
manufacturers evaluate in package
design.

Students should know that used
products contribute to the problem
of waste disposal. Sometimes they
can be made into new products, but
materials differ widely in the ease
with which they can be recycled.
(Adapted from The Designed World:
8B, Materials and Manufacturing.)
Lessons 1, 3,4 and 5 discuss the
issues of waste disposal and recycling
as they relate to the aluminum
beverage can.

Environmental Education
Materials: Guidelines for
Excellence

Information presented in the lessons
has been peer-reviewed with the
North American Association for
Environmental Education (NAAEE)
Environmental Education Materials:
Guidelines for Excellence. An advisory
committee composed of representatives
from NAAEE and from the Can
Manufacturers Institute (CMI)
ensured that the content reflected
fairness, accuracy and depth; that
activities emphasized skills building
and an orientation to action; and that
the plans demonstrated instructional
soundness and usability. Concepts
presented herein feature knowledge

that is integrated across the
curriculum: critical thinking for
problem solving; the interrelationship
of human and environmental systems;
and the role of attitudes, values and
committed action.
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CONCEVTVAL C€ONTENT AND
RELATED LEARNINZ oUTECOoNES

Concept

Learning Outcomes

Matter has different properties.

1. Product packaging is
designed to take advantage of
matter’s inherent properties
with respect to the product it
contains. Cans, for example,
are made of either steel or
aluminum. Each of these materials
is used by manufacturers to
fuffill different product packaging
purposes.

2. Aluminum cans can be
distinguished from other
packages by their properties
(nonmagnetic, durable
malleability, lightweight, efficient,
temperature conductivity).
Aluminum’s abilities to chill
quickly and keep beverages
fresh, as well as its light weight,
make it a desirable packaging
material.

1A. Students will describe
the purposes of packaging.

1. Students will identify the
pros and cons of different types
of packaging and explore how
packaging affects our decisions
as consumers.

J €. Students will differentiate
between “natural”’ and
manufactured packaging.

T102. Students will classify
packaging in terms of its
characteristics (materials),
origins (natural or manufac-
tured), and in other ways that
make sense to them.

2 A. Students will study
containers to investigate their
properties.

2. Students will differentiate
among steel, aluminum, glass,
PET and HDPE and record
their observations. They will
compare containers in terms
of weight, magnetism, density,
malleability and temperature
conductivity.

2.€. Students will identify
advantages and disadvantages
of each of these types of
commodities as a packaging
material and recyclability.




Concept

Learning Outcomes

Humans depend on environmental
resources. Humans can conserve
natural resources.

Z. Humans depend on the
environment for their survival
and can affect the environment
negatively or positively. Humans
consume products and affect
how many resources are
available for their use.

4 Resources are things
we get from the environment.
Resources can be renewable
(trees) or nonrenewable
(metals, gas and oil).

>. Used products can
contribute to waste.VWaste
can be biodegradable (it breaks
down and returns to the envi-
ronment) or nonbiodegradable
(it “lives” forever).Waste can
be recycled for future use or
disposed of in landfills. Aluminum,
a nonbiodegradable natural
resource, is one of the more
economical materials to recycle.
Recycling aluminum is a
resource-saving alternative to
disposal. Product packaging that
relies on recycled aluminum
uses less raw material, thereby
conserving natural resources,
including energy.

ZA. Students will give
examples of how humans affect
the environment through their
use of natural resources.

3. Students can list ways
humans deal with the waste
they produce.

LA Students will give
examples of renewable and
nonrenewable resources.

42, Students will identify
aluminum as a natural,
nonrenewable resource found
in bauxite ore.

> A. Students will explain
and give examples of cycles in
their everyday lives.

. Students will define
biodegradable and non-
biodegradable waste and
explain how their environment
is affected by each type of
waste product.

€. Students will define
“recycling” and explain the
cycle for reusing aluminum
cans. Students will explain how
an aluminum can is made and
how using recycled aluminum
to make “new” cans conserves
natural resources, such
as bauxite.
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Concept

Learning Outcomes

Aluminum can manufacturing is an
example of the matter-energy cycle.

6. It takes energy to make
products, such as aluminum
cans, that humans use. Cans are
among the packaging materials
that can be recycled. It takes
less energy and fewer raw
materials to make a recycled
aluminum can than to make a
new can. Recycling aluminum
saves energy and conserves
natural resources.

1. Closed-loop recycling
means a product is recycled
and manufactured again into
the same product. Aluminum
is an example of closed-loop
recycling. An “old” aluminum
can is melted into scrap and
then combined with mined
ore to create a “new” aluminum
can. Closed-loop recycling
saves energy and conserves
nonrenewable resources.

Technology, by improving
manufacturing, collecting and
recycling processes, can improve
the environment.

&. Industry considers a variety
of packaging features (such as
chilling, stackability, product
freshness, weight) when
designing product containers.

9. Lightweighting/precycling,
means making less garbage,
even from the start. Aluminum
cans are made of less material
today than they were 25 years
ago. Using less material per can
(lightweighting) means less
waste produced and fewer
natural resources consumed,
reducing the need to mine for
bauxite.

& A. Students will recognize
the impact of recycling on
energy and natural resources.

&Y. Students will discuss
processes and energy sources
used to recycle products.

1. Students will explain the
pros and cons of closed-loop
recycling and show how
aluminum cans are an example
of closed-loop recycling —
recycling in its finest form.

&. Students will evaluate
the choice of packaging (the
aluminum can) in terms of its
properties and explain the
relationship of packaging material
choices to manufacturing and
transportation goals.

9 A. Students will compare
can ends and sizes from past
years to those of today and
evaluate the effect of light-
weighting on conservation of
natural resources.

9%, Students will describe
how mining for raw materials
(and using less raw material to
manufacture products) affects
the environment.




Concept

Learning Outcomes

Citizens are responsible for their
environment. Citizens affect the
environment by the decisions they
make with regard to purchasing,
consuming and disposing of products
and resources.

10. In most communities,
recycling aluminum cans is easy.
It reduces negative impacts on
the environment and can be a
way to earn money.

11. Environmental responsibility
can involve various activities
such as choosing “green”
products, consuming fewer
products, conducting a recycling
campaign, or sharing information
about environmentally friendly
packaging or products.

10. Students will report on
what they've learned about
aluminum and aluminum can
recycling.

11. Students will conduct
activities of their own choosing,
those that promote
environmental responsibility.

~ K
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Lessons and
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WHAT A CAN CAN DO
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Recycling Is a Natural Thing



LESSON

OVERVIEW

1.All Wrapped Up

Students explore packaging by classifying
it and by examining its properties. They
discuss how manufacturers make choices
about packaging for particular products
and discuss packaging properties, such as
strength, weight and stackability, from the
consumer perspective. The lesson lays the
groundwork for the concept of aluminum
as a product package that, because of its

recyclability, conserves resources.

2. Beverage Container
Attributes
Students investigate the properties of
containers by conducting experiments
with aluminum, steel, glass, PET and HDPE.
They examine weight, magnetism, density,
malleability, temperature conductivity and
appearance as characteristics that help
differentiate one type of can from another.
The lesson begins a focus on the aluminum
can as a package whose properties make
it useful for common products in today’s

society.

. Going in Cycles:
The Life of an
Aluminum Can
Students study cycles and relate what they
know to the can manufacturing process.
They learn that aluminum is a metal found
with other products in nature, and they
make a clay can to conceptualize how
cans are made.This lesson introduces the

concept of “closed-loop recycling””

4. Honey, | Shrunk the Lids!
Students examine different-sized can lids
and learn that the can-making industry
uses technology to create smaller lids that
use less aluminum, thereby conserving
resources and reducing the need to mine
for bauxite. They identify which kind of
end their can has.They seek out other
facts about aluminum and aluminum can
recycling by using fact sheets and

reporting their information to the class.

This lesson introduces the concepts of

lightweighting/precycling.

>. Make a Difference

Students recognize the impact of recycling
on energy and natural resources by
working math problems that show
“equivalencies” between recycling an
aluminum can and the corresponding
energy savings in gasoline or electricity.
They then apply this concept to their own
family’s recycling practices. This lesson
reinforces the concept that one person’s
efforts to recycle can make a difference.

It is a prelude to Lessons 6 and 7, which
encourage students to implement an

environmental action project.

6. Information, Please!
Students plan a field trip to a recycling
center, where they observe “for real”
what they’ve been discussing “in theory.”
This lesson reinforces properties of
matter (students are asked to recall how
matter’s properties can help identify and
be used to separate objects, as in Lesson
2) and asks students to develop questions
they want to explore during their field
trip. They speculate on the answers and
then, when they return from the field
trip, compare their predictions to
observed facts. If a trip to a recycling
center is not feasible, the “Coolest Can”
video of the closed-loop recycling process
is available for viewing or ordering at

www.cancentral.com.

71.Action, Please!

Students plan an action project related

to their case study of aluminum and
aluminum can recycling. The lesson
suggests procedures for conducting the
following optional activities: participating
in the Cans for Cash Challenge, making
signs/posters, creating public service
announcements and creating a newsletter

or newspaper.
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\VLOSSARY

alumina

The chemical compound aluminum
oxide that is widely distributed in
nature and occurs combined with silica
and other minerals in clays, feldspars
and micas and in almost pure form in
corundum. It is the major component
of bauxite and is used in the production
of aluminum metal.

aluminum

A silver-white metal that is ductile
and malleable and conducts heat and
electricity. Aluminum resists corrosion
by forming a protective oxide (alumina)
coating. It is the most abundant metal
in the earth’s crust (about 8 percent
by weight) and occurs combined with
other elements.

bauxite ore

A mixture of hydrated aluminum
oxides usually containing oxides of
iron and silicon. Bauxite is clay-like,
ranging from white to brown or red
in color, and is the chief source of
aluminum and its compounds. It is
widely distributed, with deposits in
Africa, South America, France, the USSR,
the West Indies and the United States.

biodegradable

Materials that have the ability to be
broken down into simpler components
by living organisms.

chilling

The process of sudden cooling,
especially without freezing. Aluminum’s
ability to conduct temperature makes
it an efficient mechanism for chilling
canned beverages.

closed-loop recycling
Taking an old product and turning it
into a new product of the same kind.

compost

The material made when nature’s
food rots and renews the soil.
Decayed organic matter is used for
fertilizing and conditioning land.

cycle

A series of events that recur regularly
and usually lead back to the starting
point.

density

The mass of a substance per unit volume.

durable
Possessing the strength and ability
to last.

environmentalist

A believer about the external conditions
affecting life, development and the
ability to survive; a person who
advocates the protection of the
natural environment.

excessive packaging

When the combination of materials
used to protect a product from
damage is greater than necessary to
deliver the product unharmed.

ferrous
Of, relating to, or containing iron.

heat conductivity
The ability of a substance to
conduct heat.

ingot

A long bar of metal (in this case
aluminum) that is rolled through
heavy presses into thin sheets that are
coiled and sent to can manufacturers.

landfill

A system of trash and garbage disposal
in which waste is buried between
layers of earth. Once a landfill is
sealed, nothing will decay in it.

magnetism

A class of physical phenomena that
includes being able to attract iron.
Magnetism is associated with moving
electricity, is exhibited by both magnets
and electric currents, and involves
force fields.



malleable
Capability to bend or change shape
due to exterior pressure.

manufactured
packaging

Packaging made by people or machines.

natural packaging

The “package” nature makes, such
as a banana peel, an onion skin or
an eggshell.

nonbiodegradable

Materials that cannot be broken
down into simpler components by
living organisms.

non-ferrous
Not containing iron.

nonrenewable resources
Resources that will not “grow back”
once they are used, or take such a
long time to be replaced (such as
petroleum) that they are virtually
nonrenewable.

nonsoluble
Will not combine with foods or
other substances.

opaque
Reflects light so can not see through.

packaging
The container or combination of
materials used to wrap a product
and protect it from damage, theft
and/or decay.

post-consumer content
A term used to indicate that an item
was made with recycled materials
from the consumer solid waste
stream. For example, recycled
aluminum cans (collected from
consumer households) are used in
the production of new aluminum
cans.Therefore, aluminum cans are
said to have a “post-consumer
content” that varies from region
to region.

precycling/
lightweighting

The process of using less material
(like aluminum) to make a product
(like an aluminum can) of the same
volume and quality.

recyclable

A term used to describe items that
are made from materials that can be
recycled, such as aluminum cans.
Recyclable products are separated
from solid waste for processing.
However, the use of the word
recyclable on a package does not
necessarily mean that your community
collects the package for recycling.

recycled content

A term used to indicate that an item
was produced from recycled materials.
For example, aluminum cans are
manufactured with an average of

54 percent recycled aluminum.The
recycled material may be scrap from
an aluminum or can manufacturing
plant, or it may come from cans that
were recycled by consumers.

recycling
The collection of materials for reuse

or for refabrication into new materials.

renewable resource
A resource that can grow back, such
as trees.

steel

An alloy of iron, carbon and small
proportions of other elements.

(A “tin” can is 99 percent steel with
a thin coating of tin.)
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LESSON ONE:

All Wrapped Up

\".,

WRAPPED vp

" \&

Teaching
Objectives

* To raise awareness of
packaging as natural or
manufactured.

* To understand that
manufactured packaging
uses resources.

* To lay groundwork for
further discussion of
aluminum as a recyclable
packaging material with
specific properties.

* To assimilate information
on a label and its packaging
for consumer decision
making.

Skills

Classification, Discussion,
Inquiry and Investigation,
Evaluation, Organization,
Creative Thinking

Materials
* chalkboard or flipchart
* students’ science note-
books for composing
definitions of packaging

* students’ language arts
notebooks for creating
poems or recording
interviews

Ask students to bring in
samples of food/beverage
packaging. Supplement with
the following:

* aluminum beverage and

steel food cans

* plastic soft drink bottles

— assorted sizes
(2 liter, 16 ounce)

* glass jar

* cereal box

* candy bar in wrapper

* packages of candy or

cookies

» foam fast-food containers

* examples of “natural”

packaging such bananas,
peanuts or hard-boiled
eggs

* fruits or vegetables

packaged in shrink-
wrapped foam tray or
paper carton

* examples of excessive

packaging

KEY
VOCABULARY

* packaging

* natural packaging

* manufactured
packaging

* compost

* landfill

* renewable and
nonrenewable
resources

* biodegradable and
nonbiodegradable
resources

* bimetal can

Subject
Areés

* Science

* Social Stydies

’ Language Arts
* Math

. Citizenship




Preparation
Time

Part One:
Collect sample
packaging
materials, 20
minutes

Part Two:

Make copies of
student activity
worksheet,

10 minutes

Think ahead
about some ways
you could “test”
packages for
certain
properties (see
step 7) and have
a plan for making
those materials
available.

Class Time
Part One: 45-60 minutes
(steps 1-6), depending on use of
optional activities

Part Two: 30-45 minutes
(steps 7-9), depending on emphasis;
I 5-30 minutes for wrap up

Background

Packaging%the container or combination of materials used to
wrap a product and protect it from damage, theft and/or decay.
Packaging can enhance product appeal or create desire for the
product being sold. Containers, labels, boxes, insulation materials
and incentives such as coupons and toys are all part of packaging.
Packaging is defined as excessive when the wrapping is not
necessary for product sale, such as when tomatoes are sold in
shrink-wrapped foam containers.

Estimates of packaging waste produced per person per year
vary. In 1995, the Environmental Protection Agency estimated
that each person generated 550 pounds of container and
packaging waste per year, which equals .275 ton per year.This
means that packaging waste generated annually by an average
classroom of 25 students could weigh as much as an elephant.
(The African bull elephant typically weighs between six and eight
tons. 25 students X .275 ton/student = 6.875 tons.) Much of that
packaging becomes solid waste. Recycling packaging can reduce
waste, conserve natural resources, and prevent air and water
pollution that results from manufacturing and disposal. Packaging
such as soft drink and milk bottles made from PET (polyethylene
terephthalate or #1) and HDPE (high density polyethylene or #2)
plastics can be recycled to make other products: fiberfill, insulation,
dock pilings, park benches and parking lot carstops. Aluminum
cans can be recycled into aluminum cans and other aluminum
products, such as ice cube trays and lawn furniture. In fact,
almost all aluminum products contain some recycled aluminum.
Aluminum beverage cans themselves contain more than
50 percent recycled aluminum.

Today, many manufacturers make packaging from
materials that can be recycled. Manufacturers may
label material “recyclable” or “made from recycled
materials” or “made from post-consumer
recycled materials.” By purchasing products
made of these materials, consumers
conserve resources, increase the market
demand for recycled materials, create
jobs in manufacturing recycled products,
save landfill space and reduce pollution.

There are positive and negative
environmental impacts associated with
each type of packaging material, and

manufacturers make trade-offs in design
based on some of these considerations.
Consumers can also affect the environment
negatively or positively by the purchasing

decisions they make with regard to product

packaging. Some considerations: Is the packaging
necessary?! Reusable? Recyclable? What advantages or
disadvantages does one packaging material have over




another? What kinds of resources were used to create the
package? Are these resources renewable? Can they be recovered
through reuse or recycling?

Solid waste issues are complex; there are no right and wrong
answers. However, we can make conscious choices about the
packaging we use and the resources we consume.VVe do this by
thinking about the purposes behind product packaging, learning
about some of the properties of matter with respect to how
well it achieves those purposes, and then making decisions about
purchase with regard to the information we have learned.

Procedure

Part One: Classifying Types of Packaging

1. Group students into teams of four and have them share the
packaging samples they’ve collected. (Supplement with the
materials you've collected.) Ask students to think about how the
foods/beverages inside the packages were “wrapped.” Write the
word “packaging” on the board and ask students to help you
develop a definition. Have students discuss which definition is
best. Then leave this discussion open by asking students to copy
the definition they like best into their science notebooks.
(They will re-evaluate the definition at lesson’s end.)

2. Tell students that today they’re going to explore packaging
materials. Ask students why they think there are so many
different kinds of packaging. (They may suggest the following
about the purposes for packaging: reduces spoilage or breakage,
provides convenient individual servings, keeps products fresh,
keeps food warm or cold, displays the product attractively,
provides detailed product information, prevents contamination,
keeps the “fizz” in carbonated beverages, or helps stack products
in an organized way for display or shipping.)

3. Ask students to work with their teams to sort the
packages in any way that makes sense to them. Discuss their
classifications and the reasons for them.

4. Ask students to think about what each packaging material is
made of (what resources were used). Explain that resources that
“grow back” are called renewable and those that don’t are called
“nonrenewable.” (You could let students know that some
materials that can grow back, such as oil, are considered
nonrenewable because it takes so many years to replace them.)
Have students give examples of renewable and nonrenewable
resources, then have them sort the packaging again into
“renewable and nonrenewable” categories. Discuss their choices.

>. Hold up examples of “natural” packaging and show how
nature provides a “package” for its food resources. Ask students
what happens to natural packaging after food is eaten.Tell
students that nature’s food will decay (rot) and renew the soil

TEACHER TIP

This lesson establishes

concepts upon which
other lessons in this
series are based.
Consider breaking this
lesson into two parts
(as indicated) if you'd
like to include optional
activities 6a, 6b and 6c.
These optional
activities emphasize
environmental aspects
of packaging addressed
in later lessons that
focus on the impact of
recycling aluminum
cans on energy and
resources.

The day before you
conduct this lesson,
ask the students to
bring in samples of
packages they have at
home.You will
probably need to
supplement their
packages with items
described in"the
materials checklist.
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to grow new food; when this
happens, we call the material
“compost.” Tell students some
manufactured packaging (such
as paper) can also decay and
return to the soil. These materials
are called “biodegradable.”
However, when a material goes
to a landfill, it doesn’t matter

if it is biodegradable or not
because, in the absence of air,
virtually nothing decays in a
landfill. You may want to have
students explore the idea of
biodegradability by having them
bury a few items to discover
how they change, or by visiting
a landfill to discover how little
garbage changes once it is
buried.

6. Ask students to think
about the packages and
speculate which materials are
biodegradable and which are
not. Can they once more sort
the packaging, this time into
biodegradable and non-
biodegradable categories? Ask
students to discuss their choices.

Optional

& A.What happens to
packaging after we're finished
with it (throw it away or
recycle it)? Ask students where
packaging goes (wastebasket,
garbage can, dumpster, landfill,
incinerator, recycling bin). Ask
them what happens to resources
used to make packaging when
the packaging is thrown away.
What does that mean for
renewable resources? What
about nonrenewable resources?
Talk about how nature provides
a limited number of resources;
when they’re thrown away by
burying or burning them, they
can’t be used again.Waste-to-
energy incineration is recognized
as a source of renewable

energy through the combination
of municipal solid waste and
part of the EPA’'s waste
management policy.You can also
explain that other resources are
used to make packaging, such as
water and energy.When we
throw away packaging, we've
also “thrown away” the energy
used to make it.

6%. Have students name
reasons people would throw
away resources (don’t know
that resources are limited, not
part of community’s recycling
program, trade-offs such as
time or convenience). How
can we solve the problem of
throwing away resources (use
them again, buy products with
less packaging, recycle them)?

& €. Ask students which
packaging materials can be
recycled. Build on what they
already know about recycling,
such as when we give resources
back to recycling companies,
manufacturers are able to make
new items and the resources
are used again rather than
thrown away.Are there ways
to know which packaging
materials can be recycled?

Part Two: Packaging
Properties

1. Explain to students that
all matter has properties.
Properties can help us identify
objects and give us ideas about
the object’s use. For example,
rubber floats, so rubber would
make a suitable life raft. It
wouldn’t make a good anchor.
Have students choose five
types of packaging to examine
their various properties.



Take suggestions about which
criteria to evaluate, such as
strength, ability to hold food,
ability to hold beverages,
whether it’s recyclable, how
well it fits on a grocery shelf
(stackability), how little or how
much space it takes to ship
from manufacturer to retailer
(ease of transport), or how
heavy or light it is. Ask how
they would test these properties
(e.g., strength could be tested
by seeing how many books the
package can hold, or whether it
could be cut with scissors).

2. If they were manufacturers,
how would they make decisions
about the packages they'd use?
Pass out the student worksheet
(“All Wrapped Up” chart).

Do one example with the class,
then have the teams work on
the other four.

9. Ask the class to think
about all they’ve learned about
packaging. Ask them to review
the definitions they've developed.
Which definition do they now
think is best? Or would they
revise it! Have students copy
or revise the definition they
now think is best.

Wrap Up

(Students can choose one
of the following activities.)

1. Draw three examples
of natural packaging, three
examples of manufactured
packaging that come from
renewable resources, and
three that come from
nonrenewable resources.
Or, cut pictures from magazines
to make a poster featuring
these types of packaging.

2. An acrostic is a “poem”
in which each line starts with
the letter in a particular word.
All the lines in the poem say
something about the poem’s
subject. Make an acrostic using
one of the following words:
packaging, resources or compost.
For an extra challenge, try
these: biodegradable, non-
biodegradable, renewable
resource or nonrenewable
resource. Example for the
word “compost:”

Cherry pits

Orange peels

Mashed egg shells

Put them in the earth
On a pile in your garden
Soon they’ll decay and
Turn into new soil.

. Choose a package whose
properties you've explored on
the worksheet “All Wrapped
Up.” How could the package
be redesigned to improve the
“pros” or reduce the “cons’?
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REFERENCES

|. Parts of this

lesson were adapted
from the California
Integrated Waste
Management Board’s
curriculum “Closing
the Loop.” For more
information about this
curriculum, call
916-341-6769.

2. Parts of this

lesson were adapted
from “Package
(Re)Package” and
“Plastics,” 4Rs Project:
A Solid Waste
Management
Curriculum for Florida
Schools, 1990, pages
73,74 and 83.

30

Extensions

1. Ask your family to help you investigate the kind of
packaging it buys by counting the packages in your own
pantry or cupboard. Count the number of products in
plastic-wrapped packages, boxes, paper, cans, and bottles or
jars. Make a bar graph showing types of packaging and how
many of each type. Discuss what you find with your family.
What type of packaging is most common in your home?

Alternate (advanced) activity:

Visit the supermarket and select an aisle (beverage,
vegetable, fruit, soup, pet food, etc.) to survey. List the
different package types (aluminum cans, steel cans, PET
(No. I), HDPE (No. 2), pouch, glass, etc.), and the different
sizes (differentiating a single 12 ounce aluminum can
from a 12 pack or 24 pack case or a 2 liter PET from a
ring-connected 4 2 liter PET, etc.) packaged within that
category. Next, calculate how many units of each packaging
type are contained on that aisle. Does the package with
the most units take up the most shelf space on the aisle?
Manufacturers consider shipping, storage, and display space
when they decide how to package products. Interview the
grocery store manager or assistant manager and ask how
store managers decide which packages to stock and sell
and how aisle placement is determined.

2. Based on what you’ve learned about packaging and
renewable/nonrenewable resources, will you or your
family make any different choices the next time you go
grocery shopping?! Give some examples of what you'll
do differently.
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LESSON TWaoe:

Beverage Container Attributes

OOOOOOOOOO

OOOOOOOOO

Teaching e students’ science

notebooks for

ObjeCtiveS recording data

KEY
VOCABULARY

¢ aluminum and steel
* magnetism

+ chilling

* heat conductivity
* density

* eddy current

* malleable

* To build on the concept * data charts, one per
that matter has properties student
by investigating the * materials for stations
properties of containers. l,2,3 and “wrap-up”

* To familiarize students (see extended materials
with properties of list for each station)
aluminum, steel, glass * recycling bins or bags
and plastic. containing beverage

containers for station
Skills experiments and sorting

for recycling wrap up.
(Steel food cans are minus
their opened end and glass
bottles will be introduced

Investigation, Inquiry and
Record Keeping

M(Iterials individually at stations to
* paper clips, tacks and avoid breakage.)
rubber bands for * scale
preliminary discussion of * microwave oven

magnetism; can samples
(other than those at
stations) for preliminary
discussion of can
appearance



Preparation
Time

Set up stations,
30 minutes

Bring in a few
bags of beverage
containers

(of all types) to
be sorted for
recycling

Class Time
Introduction and Stations,
40 minutes; Discussion,
10 minutes;Wrap Up,
10-20 minutes

Background

Three genger.'al categories of metal cans exist: aluminum, steel
and bimetal (a can with aluminum lids enclosing a steel body).
Steel cans are 99 percent steel with a thin coating of tin and are
sometimes called “tin cans.” Because they are made of different
metals, cans must be separated from each other and recycled
separately. One way to separate them is through knowledge of
their properties.

This lesson invites students to explore properties of matter as
they apply to cans, specifically aluminum cans. One of the easiest
ways to identify different can types is through their response to
magnets. Magnets will not attract aluminum but will attract other
kinds of metals containing iron, such as steel. Other ways to
distinguish them include appearance, weight, color, resistance to
corrosion and temperature conductivity.

Extended Materials List
for Each Station

Station |: Magnetism, Weight, Flotation

* 40 empty aluminum beverage cans, 16 PET 16 ounce and 20 2
liter PET bottles with their tops, 10 HDPE beverage bottles
with tops, and 7 glass bottles.

* Magnets, magnetic compass, pan balances or scales, bucket of
water, stopwatch or watch with second hand.

* “Station |” card with procedure and focus questions
(included at the end of this lesson).

Station 2: Appearance, Corrosion Resistance
* Magnifying glass, scissors, books
* One empty container (aluminum beverage can, PET |16 ounce
and 2 liter PET bottle with their tops, HDPE beverage
bottle with top, and glass bottle) per student.
* “Station 2” card with procedure and focus
questions (included at the end of this lesson).

Station 3: Temperature
Conductivity

(teacher-directed) For heat:
* Empty containers (aluminum, PET 2

liter and 16 ounce, glass, and HDPE)

* Microwave oven
* Thermometer (non-mercury)
* Tablespoon
* Glass of water at room temperature
* Ruler

For chilling:

* Cooler of ice (unmelted)

* Empty containers (aluminum, PET 2
liter and 16 ounce, glass, and HDPE)

* Tablespoon and container of room-
temperature water

* Thermometer (non-mercury)

» Stopwatch or clock with second hand



Procedure

1. Prepare stations in advance.

2. Begin a discussion of properties of matter by recalling how
students examined properties of packaging, specifically the activity
in which they suggested different uses and purposes for different
types of packages. Open discussion about properties of metal cans.

. Explain the procedure for using the stations. An example of
how you might do so while at the same time “rehearsing” the
experiments is given below:

A.Magnetism: Hold up a magnet. Ask for a show of hands
of students who have experimented with magnets. Did
they notice things magnets attract? Explain that magnets
are pieces of iron or steel or other materials that can
attract certain metals. Experiment with paper clips, tacks
and rubber bands to show how some materials are
attracted to magnets while others aren’t.

. Weight and Volume: Tell students they will learn that
one type of container is heavier than another. Show them
how to use the scale.Ask them to predict which container
they think will be heaviest, and tell them they’ll get to test
their predication at Station |. Next see how any of each
container it takes to equal one pound. (Bottle tops are to
be removed from bottles since this is required by most
community recycling programs.) Let the students compare
the difference in volume between the aluminum, 2 liter
and 16 ounce PET and HDPE containers. Separate the
containers by commodity type and ask the students to
compact or crush the containers and calculate how much
less space is required. Most curbside recycling programs
compact the unbreakable beverage containers into space-
saving bales before sending the commodity on for further
processing.

€. Appearance: Show the four types of beverage containers.
Explain that the goal of packaging is to safely deliver its
product to the consumer using minimal resources. There
are many differences between packages such as weight,
density, design, texture, transparency, graphics, sturdiness,
stackability, etc. Explain that as they study these containers,
they will notice certain characteristics about each.

4 _ Divide the students into groups. Give one data sheet to
each student. Have them take a pen or pencil, a book, and a data
sheet with them to each station to conduct the investigation.

>.While students are engaged at Stations | and 2, you conduct
activities at Station 3, as indicated below:

A. Heat Conduction

* Assign one student to be responsible for each of the four
beverage container types (aluminum, PET, glass and HDPE).

* Add a tablespoon of room-temperature water to each container.
(This experiment also can be done without adding water.)

* Place one open container at a time in the microwave oven for
only 15 seconds. Containers too large to stand upright should
be placed on their side.

TEACHER TIP

Because this lesson is

based on investigation
and experimentation,
it is set up to be
conducted in stations.
If your students are
inexperienced at
station work or-if they
work better under
more structured
learning conditions,
you may want to
demonstrate these
experiments to the
entire class yourself.
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* Immediately following microwaving the container, measure the temperature
of the water by placing the thermometer inside the container. Record
the temperature of the container.

* Repeat the experiment with each container.

* Did your students guess the most conductive container? Did all
containers retain their shape?! Did one container stay warmer longer?

. Chilling

* Assign a different student to be the timekeeper and another group to fill
each container with 4 tablespoons of same temperature water and
record the start temperature of the water in each container.

* Place each container opened in a cooler of ice. Measure and record the
temperature of the water in each container at one-minute intervals for
about 5-10 minutes.

* What do you notice? Compare this with the heat conduction experiment.
How could this be helpful if you were thirsty for a cold beverage?

6. Tell the students you are going to state properties of aluminum, poly-
ethylene terephthalate (PET), glass, and high-density polyethylene (HDPE)
beverage containers.Their job is to figure out which container you are describing.
As soon as they know which container it is, they should raise their hands.

A. Aluminum: not magnetic, less dense than water, lightest weight,
conducts heat fastest, chills fastest, is dense not translucent, labels
printed directly on body, no seams.

B. Glass: non-magnetic, denser that water, conducts heat slowest; chills
slowest, available in clear, green or amber, usually has a paper or shrink-
wrap label, comes in either a wide mouth or tall shape, breakable.

€. HDPE: non-magnetic, less dense that water, remembers its shape,
flexible but somewhat stiff, opaque, blow molding, seams, identified by
resin code #2.

2. PET: non-magnetic, less dense than water, remembers its shape,
blown-molded, no seams, cap should be removed for recycling, glued
on label has melt index, clear/transparent, identified by resin code #1.

1. Have students explain what they have learned about material properties
and why manufacturers would use an aluminum can compared to another
packaging material.

Wrap Up

(Students can choose one of the following activities.)

1. Containers have different properties and this is helpful to recycling
program managers who need to sort the collected containers by type in
order to sell their baled, clean, dry containers for the highest price.
Aluminum is the most valuable, with a used can worth about a penny, and
actually helps pay for the recycling of the other containers recycled curbside.

Have Students visualize a 90-gallon recycling bin filled with an assortment of
aluminum and steel cans, PET, and HDPE containers arriving at a multi-material
recovery facility. Ask the students how they could use what they've learned
about the properties to sort the containers. Students can work in teams to
create an efficient method (fastest with least waste of time or energy) to
separate each commaodity (aluminum, steel, glass, PET and HDPE) for recycling.
Have them explain their choices. Let the class choose what they think is
the best procedure. Ask them how they would remove the cap on the PET
container if it arrives with the cap on. Most curbside recycling programs
request residents to remove the cap from the PET container in case the cap
is made of a different type of plastic.
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2. Give students recycling bins or bags containing a packaging mix of
clean, dry aluminum and steel cans (without ends), PET and HDPE containers
to be sorted for recycling. Have students break into groups and discuss how
they—uwith the tools at their station—would separate the different containers.
Next the group should try several of their ideas with the assortment of
containers and tools, including blower (hair dryer), vacuum, magnets, the
“conveyor belt” (1" x 6" x 6' board and/or mesh wire closet shelf) to use as
an incline, diverter, or a flat surface, and tongs, within a 12 minute timeframe.
The students should conceptualize on the blackboard how they would design
their MRF’s container separation process. If time is short, vary components,
except magnets, between stations. For example, have one station with a
vacuum and blower, one with a blower and board, and one with a blower
and wire shelf, and one with a wire shelf and vacuum. Have the groups share
their process and draw conclusions. Have students return separated containers
to you for recycling at a recycling center or at appropriate pick-up points.

Extensions

As students work on real-world solutions to source separation for metal
and non-metal packaging, the application of eddy current will show that all
conductive materials are affected by magnets. The eddy current is proportional
to the conductivity of the materials, allowing for dry separation of materials.
MRFs utilize a fast rotating drum magnet to create the electrical eddy current.
Ferrous metal is diverted immediately to a conveyor belt, while the non-
conductive material, usually not affected by a magnetic field, falls from the
belt, often source separated because of its property-of-material characteristics.

Materials:
Fe-Nd-B permanent magnets of various sizes including 30 gauss
[2 ounce aluminum can, |6 ounce PET bottle, and steel can
18" tube of copper (optional) with a diameter slightly larger than the magnet.
(These can be found in the plumbing supply section of a hardware store.)

1. Place one magnet on top of your hand and one below. Slowly move
one magnet and see what happens to the other. Keep the magnets separate.
2. Flip the bottom magnet over. Ask the students what they saw. Did the

top magnet flip by itself?

. Let a volunteer place one container at a time on its side. Slowly move
the 30 gauss Fe-Nd-B magnet back and forth over the container, coming as
close as possible without touching the container. Have the student describe
what they see or feel. Eddy currents are induced conductors, so you can feel
its drawing power. Repeat with the remaining containers. If no reaction, rub
the magnet briefly across the ridges of the steel can and then return to the
slow, steady back and forth movement over the demonstration container.
The difference in the container’s conductivity is due to the eddy current.
Plastic will have a slight reaction; aluminum some; and steel immediate.
(Copper is the most reactive.)

4;_ Have the students hypothesize as to what will happen when a small
magnet drops through the copper tube. Let them count the seconds
(1-3 seconds). Let students observe down the tube as the magnet falls.
Have them describe what they saw. Did the magnet appear to float?

WRAP UP 2
TEACHER TIP

Encourage students to
line-up the different
recyclables and work
the blower at different
distances or settings
to determine if there
might be another way
to _separate at least
two types of containers.

REFERENCES

Parts of this lesson
were-adapted-from
“Solving the Can

Can Mystery,” 4Rs
Project: A Solid

Waste Management
Curriculum for Florida
Schools, 1990, page 69.

Parts of the “Extensions”
activity were adapted
from lowa State
University, Department
of Materials Science
and Engineering,
“Materials Science
Demonstration You
Can Do!” which was
published in cooperation
with the Ames
Laboratory U.S.
Department-of Energy
and is available at
www.eng.iastate.edu/te
achknow/Lesson.Plans/
engineering/ ames-
labmse/magnets.htm.

37



 1O)

aJ4n1deynuBW 01 pasn sa23ld Jo JaquinN
[oquiAs SuljpAday

[2qe7]

juaJedsueay Jo anbedQ

A1qqad ‘paqqui ‘ypoowsg

swil woinog

sweag

iddH

(19311 7) 13d

(‘zo 91) 13d

913304 SseIdD

ued wnuium|y

(sexoq ui sauniesy 3s1|) 9duedeaddy ‘g

PIqeafew 3 s|°q

$|UIS JO JBOJ JSUIRIUOD 33 SI0(] "D

ipunod e [enbs susureiuod Auew moH
(swrea3 ur) YSIsAA'g

dpasau
ssedwod sy 109Ye JaUIBIUOD 31 s90(
{31 19eJ13E J9uUSew © s90(

(ON 40 S3A Jomsue) wsnausel| Y

iddH

(419311 7) 13d

(‘zo 91) 13d

913304 SS€ID

ue) wnuiumjy

A3addoud

,,SoInquIny J1surpjuol) abpisrsag,,




"UOIIDNJIISUOD SI| OJUI JUSM $331d AUBWU MOY SUIWLISISP PUE JBUIBIUOD YdBd JO ssad0.4d Sulinidenuew ayl Jo dulyj «
"9oueJeadde s.JauleluOd UYdBS INOQE SUOIIBAISSQO JNOA PJodad 3193Ys BIEp JNoA UQ «

¢o2ueaeadde Jioyy Aq Jo spew aJe Aoyl 3BYM |92 NOA UBD) USUIBIUOD Ydoed ApMS .

T NOILLV1S

‘J0U JI . ON,, PUE 3|qe3|[ew }i , SJA,, P10I3Y ;2deys a8ueyd pue 3|qes||ew aJe SJaU[BIUOD YdIYM Yduleuod syl o3 paljdde s| aunssaid USYAA »
‘|eld93eW SIYl 10} 1593 poo3 € sI SIY3 JI dpI2S “Supjuls uISdq 03 JSUIBIUOD B3 U0}
5003 31 SPUOI3S AUBW MOY P03 OS|\ HUIS 40}, ON,, VEOJ} 4O} STA,, PA0IY JUIS 31 SD[BW PUB JSUIBIUOD Y3 S||I} JOIBM d40joq e} 31 SIOP
SUO| MOH "SIBOJ} 4O SHUIS 31 JOYIBYM 3AJISQQ I9IBM JO 19>9Nq dY3 Ul dpIS s3I Uo Jdureauod uado ayy 3unind Aq Jaureuod yoes Jeoj) 03 Ad] «
{1BOJ} SJBUIBIUOD UBD) »

‘punod e jenba suaureuod Auew moy Jaureuod

UoBD U0} PJODd3J PUB DUIWIRIBP UBY ,IYSIOM, P3[2qe| MOJ Y3 Ul 193Ys BIBP JNOA UO JYSI9M dU) PJOIDY *9|BIS dYI UO J3UIBIUOD YdBD YSIAA «
JauleIuod

Yoes 40} ,ON,, 40 ,SIA,, P41033J 193Ys BIBP JNOA UQ ;9AOW 3|padu ssedwod Sy feW UBD dY) S90(] ;32uUSew 33 I1DBUIIB JIUIBIUOD Y] S90(] «
{2112USEW JOU dJB SISBUIBIUOD UDIYAA o

1 NOILVLS
:SKed A WoOJj $35330.1d 24 J]2Ys 3598u0T
{dnaudew JoN {35915} S[[IYD
FEYREEITEN] {dWN|OA 15318343 9Y3 SpP|oH ¢3S91y3l| SI J3UIBIUOD YDIYAA

ulw g
ulw ¢
uw |

(sswn 3uimo||o} ay3 38 aunjesadwal
Joaul ay3 aunseaw) 3ulj|iyd ‘o

SUOIBAJSSQO JBYIQO

USAO SABMOIDIW Ul
Spuodas G| 3uimoj|o} aanjesadwal

AdaH (49311 7) 13d | (‘zo 91) 13d | 213304 SseH (ued umuun|y JOLI93U| — UORINPUOD) JESH Y




40




&ESSoN

oing in Cycles:
an Aluminum Can

Teaching
Objectives

* To give students a better
understanding of
aluminum, a nonrenewable
but recyclable resource
they use every day.

* To review the concept of
cycles with students.

* To give an overview of the
life cycle of aluminum and
aluminum cans.

* To introduce the concept
of closed-loop recycling as
it pertains to aluminum
cans and set the stage
for learning about
lightweighting/precycling.

Skills

Discussion, Observation,
Cycle Recognition, Problem
Solving, Inquiry, Sequencing,
Persuasive Reasoning,
Kinesthetic Concept
Development, Research,
Reporting

HREE:

he Life of

KEY
VOCABULARY

* renewable
resources

* nonrenewable
resources

* bauxite ore

* alumina

* cycle

*-closed=loop
recycling

* ingot

* ferrous

* non-ferrous

Materials
Part One:

* dead leaves in several
stages of breakdown (or
take a short trip to a
wooded area near the
school to collect
layers of earth and leaves)

* chalkboard or flipchart
(prepare drawings of cycles
ahead of time)

* world map for identifying
sources of bauxite ore and
aluminum production

* science notebooks for
drawing cycles

* clay for model can making
exercise

* handout showing
aluminum can recycling
process

Subject
reas

* Science

* Social Studies

. LangUage Arts
* Math

. Citizenship

Part Two:
e students’ science
notebooks for drawing
cycles



Preparation
Time

Part One:

* Collect dead
leaves and soil,
10 minutes

* Draw
examples of
cycles on
board or
flipchart
(steps 2-5),
10 minutes

* Prepare clay
for model can
making
exercise,

10 minutes

Class Time
Part One:
30-35 minutes

30-35 minutes

Background

Environmeg:.al education is grounded in an understanding of
processes and systems that make up the environment. Environmental
literacy rests on a deeper understanding of how natural and human
systems interact to shape the environment. Cycles apply to both
natural and human-made systems. In this lesson, students recall
what they know about cycles and explore the life cycle of an
aluminum can.

Review the background information on aluminum can
manufacturing provided in the first section of this kit. A simplified
version has been provided to hand out to students.Today, aluminum
is used extensively in cars, airplanes, boats and other vehicles
because of its light weight, its strength and its resistance to corrosion.
Because it doesn’t react with foods, it is used for food and beverage
packaging. It can be rolled, squeezed and cut into almost any shape.
Its conduction properties make it an efficient metal for chilling
beverages, and its nonmagnetic properties are useful in electronics.
Aluminum can be recycled again and again without losing its strength.

Producing aluminum from bauxite takes a lot of energy and raw
material. For every ton of alumina extracted from bauxite, there is an
almost equal amount of leftover material. Researchers are approaching
a new era of technological breakthrough. By avoiding reworking and
reducing the use of raw materials and natural resources, we can
prevent pollution and minimize waste production.

In comparison, recycling aluminum saves about 95 percent of the
energy needed to make new aluminum from ore. In the recycling
process, aluminum melts to form ingots or rods, which are later
remelted and formed into new products. Recycled aluminum can

also be melted directly into new products.

This lesson builds on what students already know
about recycling and aluminum can manufacturing.
The lesson emphasizes that recycling saves landfill
space by creating an alternative to disposal and
that recycling cans conserves natural resources
and saves energy. Students learn that aluminum
can recycling is an example of closed-loop
recycling. The recycled aluminum beverage
can returns to the grocer’s shelf as a new,
filled can in as few as 60 days after collection.



Procedure

Part One: Cycles and Can Manufacturing

1. Show students the collected leaves. Ask if they know what
happens to the leaves on the trees in the fall. Ask what happens to
the fallen leaves as they lie on the ground. Make the connection that
leaves become soil by letting the students see and feel the layers of
leaf and soil. Explain that, along with molds, worms and other tiny
organisms break leaves down into soil.

2. Have students create a simple diagram of stages in the cycle of
leaves (leaves fall to ground, leaves decay and enrich soil, enriched soil
helps trees grow, trees produce leaves, leaves fall to ground, etc.).

. Note that this process is called a cycle. Cycles are important
aspects of life; a cycle may go through many phases, but it always goes
back to where it started. Explain to students that there are endless
cycles around us. Ask students to suggest other cycles they know of
(day-night; spring-summer-fall-winter).

4;_ Packages go through a life cycle, too. Ask students to suggest
how a package might have a life cycle. (A resource is used to make a
package, the package is used to transport a product, the product is
used, and the package is thrown away or recycled.)

. Ask students to think about the aluminum beverage can.What
do they think the cycle for a can is? lllustrate their cycles on the
board. (Option: have students work in groups to draw their cycles
and then present them to the class.) Do they know where aluminum
comes from? (Fill in with background information, as needed, using a
world map to show countries where bauxite is mined.) Have them
copy the cycle they think makes the most sense into their science
notebooks.

6. Tell students they're going to explore how an aluminum can is
made. Can they make a can using only two pieces of clay? Distribute
clay to each student. Allow them 5—10 minutes to make a clay can.
Discuss their designs. Afterwards, use the can manufacturing handout
to explain the can manufacturing process.

TEACHER TIP

You can do this

lesson in two
parts, as indicated,
or as one
extended lesson.
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P(Il‘t TWO' also suggest, based on the clay
[}

j models, that they could use less
The Complete. Life material to make each can.
Cycle of Aluminum

Or they might suggest using a
Cans (Flosed-Loop package that is reusable. If so,
Recycling)

explain that this is called
1. Refer to the cycles

- “precycling” and they’ll learn
students proposed in step 5 of more about precycling and a
the Rrocedure. Ask.the:[‘n' o related concept, lightweighting,
C9n5|der the following ' big in the next lesson.)
picture” cycle for aluminum cans
(this can be done ahead of time
on the chalkboard or flipchart):

Distribute the aluminum can
recycling handout. Change the
diagram on the flipchart to
reflect recycling. (If appropriate
Mine and ship bauxite to plant for your class, build on the
Separate alumina from bauxite concept that“recycle” means to

M'\ \ put the product back into the

loop so that the cycle can

Incomplete Cycle

Use cans, then Make aluminum .
throw away sheets continue unbroken.) Note that
f x when products are recycled,
they do not become part of the
Transport filled Ship aluminum
cans to retailers garbage, but go back to become
for purchase to can plants . . .
something new, just like the
/ leaves go back into the soil to
Ship cans to Make aluminum help a new tree grow.
bottlers for filling cans
~~——

What happens if the can is
diverted to one of 98 waste-to-
energy plants combusting
municipal solid waste, providing
electric power for 2.3 million
homes? Is this as good as recy-
cling? The U.S. Environmental
Protection Agency’s integrated
waste management hierarchy
prefers, in order of preference,
source reduction; recycling,
including composting; waste
combustion ideally to energy;
and lastly landfilling as options
for communities.

Ask students to recall what
they learned in Lesson | about
renewable and nonrenewable
resources.What problems are
there in this cycle? (Bauxite will
get used up eventually.) What is
the last stage in the cycle
(landfill, resources thrown
away)? What hidden resources
are also thrown away (energy to
make cans)?

. How can you change the
can-making cycle to prevent
those problems? How can we
make this a “true” cycle that
comes back to the starting
point? (Change “Use cans, then
throw away” to “Return cans
to can company or recycling
center’) (Some students may




Closed-Loop Cycle

Mine and ship bauxite to plant
Separate alumina from bauxite

/_\ \
Use cans, Make aluminum
RECYCLE sheets

f

Transport filled
cans to retailers
for purchase

Ship cans to
bottlers for filling

\

Ship aluminum
to can plants

/

Make aluminum
cans

~N——

9-When the old product
becomes new again, such as
when old aluminum cans are
recycled into new aluminum
cans, this process is called
closed-loop recycling. Ask them
to revise their “aluminum can
life cycles” in their science
notebooks to reflect what
they now know about the can
manufacturing process.

Wrap Up

(Students can choose
one of the following
activities.)

1. On a blank sheet of paper,
list steps in the process of mak-
ing aluminum cans. lllustrate
each step (optional).

2. Write a story about “one
day in the life of an aluminum

can.

. Imagine that a new family
moves into your neighborhood.

You notice that the family tosses

its aluminum cans in with the
rest of the garbage rather than
recycling them.WVrite out the
positions (viewpoints) a person
might use for or against

recycling aluminum cans.
Develop the arguments into a
script, then act it out. Have your
classmates decide which
argument was most convincing
and why. (Option: do this activity
in small groups and then present
your skit, as a group, to the
class.)

4;_ Create a poster about
recycling aluminum cans.
Remember to include a title for
the poster. Display the poster
near a soda machine in your
school, neighborhood store or
community recreation center.

>. Select another item and
show its life cycle in a drawing
or diagram.

THE
COooLEST
C€AN_ViDEe

Reinforce the themes

of this lesson with a
video, The Coolest Can,
produced by the Can
Manufacturers Institute,
that demonstrates the can
making and recycling
processes. This |10-minute,
fun video will allow your
students to see first-hand
the information they have
been learning and is
available on the internet

at www.cancentral.com.

45



REFERENCES

I Parts of this lesson are
reprinted with permission,
American Forest
Foundation, Copyright
1993, 1994, 1995, 1996
Project Learning Tree
Environmental Education
Activity Guide Pre K=8:
The complete Activity
Guide can be obtained
by attending a PLT
workshop. For more
information, call the
National PLT office at
202-463-2462.

2. Parts of this lesson are
adapted.from.The
Museum of Solid Waste
and Energy, Copyright
1996, The NEED Project,
and are reproduced with
permission of The NEED
Project, PO. Box 2518,
Reston,VA 20195.

3. Parts of this lesson
were adapted from
“Counting Our
Resources,” 4Rs Project: A
Solid Waste Management
Curriculum for Florida
Schools, 1990, pages 5-12.

4. Parts of this lesson
were adapted from
“What's In a Cycle?”
Peace Corps Outreach
Materials.on.VVaste
and Recycling, 1995,
pages 3—4.

5. Parts of this lesson
were adapted from

“Let’s Reduce and
Recycle: Curriculum for
Solid Waste Awareness,”
Environmental Protection
Agency, 1990,

pages 40—41.

46

Extensions

1. Create a science fair
project around one of the
following concepts: recycling,
aluminum production or
consumer habits.

2.With some classmates,
act out the can manufacturing
process in mini-dramas.“Gas”
and “Oil” may want to help get
some of the materials mined,
shipped and transported.“Heat,”
“Electricity” and “Water”
can join the group during the
manufacturing process. Set up
scenarios in which consumers
demand more products and
have resources move to one
side of the room, making them
less available to manufacture
other materials. How does a
shortage of resources affect
what can be manufactured?
How could we solve the
problem of limited resources?
(Some students may substitute
recycled materials for limited
resources; this would reduce
energy and resource demands.)

. One of the ways to
conserve resources in the
aluminum can manufacturing
process is to “close the loop.”
Choose from the following
activities (or save them for a
culminating project, as described
in Lesson 7):

A. Identify aluminum can
recycling centers in your
neighborhood. Check the Yellow
Pages under recycling, aluminum,
resource recovery or scrap
metals. These are buy-back
centers that will turn your cans
into cash. Or contact a local
government agency such as your
county and municipal waste
authority or the department
of public works about other

recycling options. Create and
post a list of where to take
cans for recycling. The website
www.earth91 |.org provides
municipal and commercial
recycling listings based on zip
code proximity.

Cans have value and are
traded as a commaodity. Call
your local recycling centers
when you are ready to recycle
and find out how much they are
paying. Clean, dry aluminum cans
are often worth more.

. Decide if you want to
create and implement a plan to
ensure that cans get recycled at
home, at school or in your
neighborhood. Even if your area
has a recycling program, many
cans are probably not getting
recycled. (According to the
Can Manufacturers Institute,
the aluminum industry currently
recovers two out of three cans.)
The Cans for Cash
Challenge (see information
included in this kit) offers a
great opportunity for your
students to put their lessons
into action, collect and recycle
cans with rewards for environ-
mental educators to award.



ALUMINVMNM €AN RE€YEC€LING

Aluminum cans are one of the best packages to recycle for many
different reasons.The recycling process for cans is called closed-loop
because old cans become part of new ones over and over in as few
as 60 days! Here’s how the process works.

RECYCLING CENTER

TEACHER TIP
Talkin’ Trash with the
ABCs curriculum is

available for middle
school educators.

These lesson plans

1- First,aluminum cans are collected 6. Once filled, the canned soft drinks continue to explore
and sent to a recycling center. are sold to consumers who drink the environmental and
beverage and recycle their cans.This scientific dilemmas
‘ starts the whole process over again. and social concerns
creatively, proactively

and within the U.S.
Department of

7

RECYCLINE CENTER

Education Project
2061’s Benchmarks
for Science Literacy

standards. To request a
free copy, contact CMI

at 202-232-4677 or at
www.cancentral.com.

2. At the recycling center, the cans

are cleaned, crushed into a bale called a

biscuit or shredded and blown into a

trailor. “_The cans are made at the

manufacturing plant from the recycled
aluminum sheet. They are then sent to

the soft drink companies for filling and

sealing. ’

b

aluminum manufacturing plant.The cans

. Next, the used cans go to the

are shredded at the plant, remelted
with virgin aluminum and cast into new
ingots. By adding recycled aluminum
scrap to the virgin mixture, less raw

material is mined from the earth, less 4t The ingots are rolled into long,
time and fuel are used in Sh|PP|ng the thin sheets that are then coiled and
material, and less energy is used sent to the can manufacturing plant.

in processing. 47
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LESSON FoVR:

Honey, 1 Shrunk the Lids!

KEY
VOCABULARY

* precycling/

lightweighting
* renewable
resources
* nonrenewable
resources

Teaching Materials

Ob GCtlve * can ends of different
*To mtroduce the concept sizes, included in this kit
of lightweighting/ * empty aluminum cans
precycling by the * copies of flyer “Weight
manufacturer. Reduction Continues

. with 202’ and 204’
S k 1 1 1 S Ends”

Observation, Research, * copies of “Fun Facts”
Reporting fact sheets



Preparation
Time

* Gather empty
aluminum
cans or have
students bring
them in,

5 minutes
Make copies
of flyer
“Weight
Reduction
Continues
with 202’ and
‘204’ Ends,’

5 minutes
Make copies
of “Fun Facts”
fact sheets,

5 minutes

Class Time
* 45 minutes

Background

Since I972,gt.he aluminum industry has reduced the amount of
aluminum needed to make each aluminum can by better than one-
third. The can manufacturing industry, by consistently reducing the
amount of material used to make each can, including creating new
beverage can designs, advances the concept of precycling/lightweighting
— the concept of maintaining strength while producing the same
quality can with less material to conserve aluminum resources.

In 1972, one pound of aluminum yielded only 21.75 cans.Today, by
using less material to make each can, one pound of aluminum makes
approximately 34 cans — a 55 percent improvement. Even the can
ends have gotten lighter. The old ends weighed about 7.99 pounds per
thousand. Now they weigh a mere 6.06 pounds per thousand.

It may not seem like much, but when you multiply the savings by
the 100 billion cans that are made each year, the weight savings is
phenomenal — over 193 million pounds of aluminum!

Procedure

1. Make sure each student or group has an empty aluminum can.
Review the concept of cycles by showing the two examples of
aluminum can cycles on the chalkboard or flipchart, one “incomplete,”
the other a “closed loop.” Ask students to tell the consequences of
each cycle.

Incomplete Cycle Mine and ship bauxite to plant

Separate alumina from bauxite

ANSINA N

Use cans, then Make aluminum
throw away sheets

f \

Transport filled Ship aluminum
cans to retailers |
for purchase to can plants

/

Ship cans to bot- Make aluminum
tlers for filling cans

N——

Complete Cycle

Mine and ship bauxite to plant
Separate alumina from bauxite

— \

Use cans, Make aluminum
RECYCLE sheets

f \

Transport filled Ship aluminum
cans to retailers |
for purchase to can plants

/

Ship cans to bot- Make aluminum
tlers for filling cans

——



2. Note that bauxite ore,
and therefore aluminum, is a
nonrenewable resource (if
needed, ask students to recall
the definition of nonrenewable).
Remind students of earlier
lessons in which they suggested
alternatives to using up
resources (use them again, use
less material to make the same
package or recycle). Explain that
the aluminum and can industries
have found ways to produce
aluminum cans so that
resources are conserved rather
than used up.

. Show students the can
ends in the teacher’s resource
kit, explaining that the #206 was
an early design, the #204 came
later, and now we have the
#202.Ask students to tell you
what they notice about the size
of the can ends (they are getting
progressively smaller).Tell the
students that 1,000 #206 ends
weigh 7.99 pounds; 1,000 #204
ends weigh 6.60 pounds; 1,000,
#202 ends weigh 6.06 pounds.
Ask them why they think this is
so (making them smaller means
making them lighter and using
less aluminum).

4 Pass out the flyers “Weight
Reduction Continues with 204’
and 202’ Ends.” Explain that this
process of conserving resources
is called “lightweighting”” Ask
students to match their can
ends to the diagrams on the
flyers.What sizes are their can
ends?

. Inform the students
that the aluminum and can
industries have also conserved
resources by using recycled
aluminum to make other
aluminum products. Each “new”
can uses an average of 50
percent recycled aluminum,

thereby using less source
material (precycling/
lightweighting).

6. Have students break into
groups to discover and report
on other facts about aluminum
and aluminum can recycling.
Distribute different copies of the
“Fun Facts” fact sheets to each
group and see how many facts
they can discover in |0 minutes.
Then have each group report its
findings to the class.

Wrap Up

(Students can choose one
of the following
activities.)

1. Imagine you were working
for the aluminum industry when
the discoveries about how to
conserve aluminum by
lightweighting and precycling
were made.Write a news article
about your company’s discovery
for a local newspaper.
Remember to include who,
what, when, where, why and
how. Stories should also include
what this means for the
environment. Read your story
to the class.

2. Use the words renewable,
nonrenewable, precycling,
bauxite ore and lightweighting
in sentences that show their
meaning.

Extension

1. Can students suggest
further modifications to the
aluminum can manufacturing
process to maximize
lightweighting/precycling
concepts (e.g., changing
standard number of ounces per
can to make smaller servings)?
How would they “sell” this to
consumers? Create an
advertisement for the new
features of the can.

TEACHER TIP

Remind students of

concepts from Lesson
3 about the life cycle
of an aluminum can
and how each can is
made from two pieces
of aluminum.You may
want to make the clay
models students
constructed in

Lesson 3 available

for reference.
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WET&HET REDUVETION
CONTINVES WiTH
202" ENDS

Aluminum cans are getting lighter! And one reason is
because their ends are getting smaller.You can tell by
comparing the size and weight of can ends introduced
throughout the years.

Weight (including the tab) in pounds per thousand

Size 1992 1994 1998
206 8.50 8.12 7.99
204 6.83 6.67 6.60
202 6.11 6.07 6.06

All sizes of can ends are still in use today, although very

few of the “206” size can be found. And remember, even
though the ends are smaller; aluminum cans still hold the
same amount of drink as they always have — 12 ounces.

What's your end size? Match your aluminum beverage
can’s end to these and find out.

My Aluminum Beverage Can End Size is -!




FUN FA€TS ©oN
C€AN HISTORY

* Cans have been around for
over 200 years. The first cans
were made by hand from
steel. At that time, they were
used to preserve food so that
it could be shipped to all parts
of the world without spoiling.

* The American Gold Rush
of 1849 created an urgent
need for food in cans because
settlers needed food that
could be preserved during
long treks to the western part
of the United States.

* During the Civil War in
the United States in the
I860s, metal cans filled with
wholesome foods served
dependable rations to soldiers
on the battlefronts.

 Carbonated beverages
were put in steel cans in 1953,
when technology was advanced
enough to prevent fizzy
drinks from exploding under
pressure, leaking or corroding
the metal can.

* Aluminum beverage cans
were introduced in 1965.

Aluminum was considered a
better material for cans
because it was lighter; used
less material and didn’t rust. It
was also easier to print a label
directly on the aluminum can
instead of pasting paper labels
on them.

* In 1970, aluminum can
recycling began. Since then,
consumers have been turning
in cans for cash at recycling
centers in record numbers —
earning valuable money for a
variety of different projects.

* Since 1970, Americans have
earned more than $25 billion
by recycling aluminum
beverage cans.

* Aluminum cans today use
even less material than they
did in 1972. Back then,
manufacturers could only
make about 22 cans from one
pound of aluminum. Today,
they can make about 34 cans
per pound of aluminum.

C AN HISTTORY



UN FACT
/E\LUNF\FNU

ON

CAN RECYC€LINZ

In 1970, Americans celebrated
the very first Earth Day. At the
same time, a brand new
industry was getting its start
— the aluminum can recycling
industry. Since then, the
aluminum beverage can has
come to be known as
America’s most recyclable
package. Here’s why:

@ |t is estimated that since
1972 more than 10.5 million
tons of aluminum have been
recycled. These nearly 1.2
trillion aluminum cans placed
end-to-end could stretch to
the moon more than 365
times.

e In 2002, 53.8 billion
beverage cans were recycled,
producing a recycling rate of
53.8 percent — distinguishing
cans as the beverage container
recycling leader. These beverage
cans could fill the New York
Empire State Building 21 times.

® In 1972, 53 million pounds
of aluminum were recycled.
Today, we exceed that amount
weekly.

® Some 102,359 beverage
cans are recycled every
minute nationwide.

® Used aluminum cans are
recycled and
returned to
store shelves as
new cans within
60 days.

® The weight of
aluminum cans
recycled in 2002
was equal to the
weight of ||
aircraft carriers
— 796,093,500
tons.

® Recycling saves 95 percent
of the energy required to
make aluminum cans from
bauxite ore. Energy savings
in 2002 alone were enough
to light a city the size of
Pittsburgh for six years.

® Since the start of the
2000 millennium, 5,416 million
pounds of aluminum cans have
been diverted by recycling
from landfills.

® The aluminum industry
operates a coast-to-coast
network of 10,000 buy-back
locations nationwide and
cooperates with more than
9,700 cities and counties with
municipal or curbside
recycling programs. This makes
it easy for Americans to
redeem their used aluminum
beverage cans for cash.

® Aluminum cans have
tremendous value. In 2002,
Americans earned $8 million
by recycling aluminum cans —
enough earned for each kid in
the United States to purchase
two movie tickets. Since the
early 1970s Americans have
earned by recycling beverage
cans more than $25 billion.

® Recycling one aluminum
can saves enough energy to
run a television for three
hours.

® The aluminum can
industry can make up to 20
times more cans with recycled
material using the same
amount energy it takes to
make cans from virgin materials.

® According to the U.S.
Environmental Protection
Agency, cans represent less
than one-half of one percent
(0.4%) of the nation’s solid
waste stream.
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Teaching Materials
Ob eCtlveS * copies of Challenge Cards

and “Facts About Garbage”
*To mtroduce students to .
* scratch paper, pencils and
the resource economies of

. . calculators (optional)
recycling aluminum cans.
* To develop understanding
about students’ own
impact on the amount of
solid waste produced and
recognize the impact of
recycling on energy and
natural resources.

Skills

Calculation, Evaluation



Environmentally
aware citizens
act on their own
conclusions
about actions
they can take

to ensure
environmental
quality.This
lesson invites
students to
apply their math
skills as they
inquire whether
or not what they
do as individuals
and in groups
can make a
difference.

Preparation

Time

* Copy and cut
up “Facts
About
Garbage” and
Challenge
Cards,
10 minutes

Class Time
* Working problems, 30 minutes
* Wrap up discussion,
5-10 minutes

Background

Accordinggo the Can Manufacturers Institute, over 100 billion
aluminum beverage cans are shipped for purchase each year. Using
recycled aluminum beverage cans to produce new cans allows the
aluminum can industry to make more than 20 times more cans for
the same amount of energy. New aluminum cans are made up of
over 50 percent recycled aluminum. In 2002, Americans recycled
enough aluminum cans to conserve the equivalent of 15 million
barrels of oil. The recycling industry operates a coast-to-coast recycling
network of more than 10,000 buy-back locations and works with
more than 9,700 cities and counties with municipal or curbside
recycling programs.

Procedure

(Children this age may have some trouble with
the word problems or with the multiplication or
division.You may want to work the problems
together as a group.)

1. To introduce the activity, begin with some questions:

* About how many soft drink cans do you or your family use
each week?
* What do you do with the cans when you're finished with them?
2. Explain that some people say environmental problems are so big
that one person’s actions probably don’t matter. Ask students how
they feel about that statement. Do they think it’s true? Why or
why not?
. Explain that we can find out how our actions do make a
difference. Solving our garbage problems is a good example.
By using some facts about garbage, we can find out how much
difference our actions could make.
4. Have the class form groups of two or three. Explain that they
are going to solve some waste problems using a set
of facts.
. Give each group a copy of the fact cards,
paper, pencils and calculators (optional).
6. Do the practice challenge as a class
and then let the groups do as many of the
activities as time permits.

1. Ask each group to report their answers.
Share the following correct answers and
review the problem-solving process,
if necessary.

Practice:

A. One can saves one cup; saving 100 cups
of gasoline energy would mean you need
to recycle 100 aluminum cans

B.lcup=1can
| can x # of students in class = # of cans
saved per day
# of cans saved per day x 7 days = # of
cans saved per week



# of cans saved per week x 52 = # of cans saved per year

# of cans saved per year = # of cups of gasoline saved per year
one gallon = |6 cups

# of cups of gasoline saved per year + 16 = # of gallons

saved per year

Challenge I:
A. One can saves one cup: 50 cans would save 50 cups worth of
gasoline energy per week
. 210 minutes of light = | cup of energy
50 cups x 210 minutes = 10,500 minutes (175 hours)

TEACHER TIP

You may need to adapt

the math exercises

Challenge 2:

A. 365 days x | aluminum can = 365 cans “up” or “down”
365 cans x 210 minutes of light per can = 76,650 minutes depending on your
(1,277.5 hours) students’ skill levels,
B # of cans per week x 52 weeks = # of cans per year or work the activities
# of cans per year x 210 minutes of light = # of minutes you as a group.

can light the bulb

Challenge 3:
A. 3,300 + 33 cans per pound = 100 pounds
¥.100 pounds x $.25 per pound = $25

Challenge 4:
A. 8 cans per month x |2 months per year = 96 cans
96 cans x | cup of gasoline per can = 96 cups of gasoline
96 cups of gasoline + 16 cups = 6 gallons of gasoline
6 gallons x 30 miles per gallon = 180 miles
. Answers will vary

Wrap Up

(Discuss the following questions with the group.)

1-Would your efforts and your family’s efforts to recycle cans make
a difference? What did you think when you found out you would
make a difference? Give some examples.

2. How many people live in your neighborhood (or apartment
building)? If everyone recycled the same amount of cans as you did,
what would your answers to these problems be?

2. A lot of “embedded” energy — the energy it takes to produce,
transport, use and dispose of a product — was saved by recycling.
Why? (It takes energy to obtain natural resources; recycling replaces
natural resources.)

4;_What other consequences, besides saving energy, do you get
from recycling? (Fewer resources are used with lower costs and less
waste.)

>.What other actions could you take that would really make a
difference in reducing waste?

57




REFERENCE

“What a Difference

| Make!” Working on
Waste, publication
4H-BU-6064, Minnesota
Extension Service, 1992,
page 26.Adapted with
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Extension

1-Ask a parent or an older
brother or sister to help you
with this challenge. On a county
or city map, trace the route
your family takes to run errands
or go to a favorite place such
as your soccer games, your
relatives’ homes or your school.
Calculate the mileage involved
by reading the mileage scale on
the map. Use information about
how many miles your family car
could go on the number of
aluminum cans you recycled
each year; and figure out how
many trips you could take to
that place on the amount of
gasoline saved.

This is the information
you need to get started:
1. # of aluminum cans your

family could recycle each
year

2. # of cups of gasoline saved

. # of gallons of gasoline
saved

4. # of miles to the gallon
saved (a parent can tell
you how many miles the
family car gets in one
gallon of gas)

. # of miles traveled on
your favorite route (check
the mileage scale on the
map; ask a parent to help
you if you get stuck)

6. To figure out how many
trips you could take based
on energy saved, divide the
answer to #4 by the
answer to #5.

Here’s an example:
The Jones family travels |5 miles
to their favorite amusement
park.They use and recycle 336
cans per year.The Jones’ family
car goes 30 miles on every
gallon of gas.
1. 336 cans
2. 336 cans = 336 cups of
gasoline saved
. 336 + 16 cups to a gallon
= 21 gallons
4;_ 21 gallons x 30 miles per
gallon = 630 miles per
gallon saved
. It’s 15 miles to the
amusement park
&. 630 miles per gallon saved
+ |5 miles each trip =
42 trips



“"Make a Difference”

Facts About Garbage
* There are 365 days in one year.
* There are 7 days in one week and 24 hours in one day.
* There are 52 weeks in one year.
* There are 12 months in one year.
* There are 16 cups in one gallon.

* Recycling one aluminum can saves the energy equivalent of
one cup of gasoline.

* Recycling one aluminum can saves enough energy to light a
[00-watt light bulb for 3.5 hours (210 minutes).

* Each person generates about 4.4 pounds of garbage per day.

* Each pound of aluminum makes 34 cans.

Practice Challenge

A. A fourth-grade class decided to collect cans for the Cans for
Cash Challenge. How many cans will they need to collect if they
want to save the “equivalent” energy in 100 cups of gasoline?

. If each student in your class recycles one aluminum can each
day, how many cups of “gasoline energy” would the class save in
one week? In one year? How many gallons of gasoline would they
have saved?

WORYK SHEET



PRACTiCE CHALLENZE

60

Challenge 1

A. Suppose your class
decides to recycle cans for
a recycling contest.You set
a class goal of 50 cans
each week. How much
“gasoline energy” will your
class save each week?

. Recycling 50 cans each
week would save enough
energy to light a room
with a 100-watt light bulb
for how many minutes?

Challenge 2

A. If you recycle one
aluminum can each day
for one year, you would
save enough energy to
light a room with a
1 00-watt light bulb for
how many minutes?

. Given the number of soda
cans you and your family
use each week, how many
minutes could you light
the light bulb in one year
if they were recycled?

Challenge 3

A. At the end of six weeks,
the fourth grade class
collected 3,300 cans for
recycling. How many
pounds of aluminum did
they collect?

B. If recyclers pay $.25 per
pound of aluminum, how
much money can the class
earn for 3,300 cans?

Challenge 4

A. If a car can go 30 miles on
one gallon of gas, how far
could it travel on the
amount of gasoline saved
by recycling eight
aluminum cans each
month for one year?

. How many miles could
your family’s car go on the
number of aluminum cans
you use each year?



LESSON S?%?I

Information,

Teaching
Objectives

* To familiarize students
with their community
recycling program.

* To observe how aluminum
cans are processed for
recycling.

Skills

Predicting, Observing,
Inquiry, Analysis, Evaluation

ease!

Materials

* chalkboard or flipchart for
planning field trip

* notebooks and writing
instruments (to prepare
questions for field trip and
to record answers on-site)

* permission slips (prepared,
signed and collected ahead
of time)

* transportation and
chaperones

reas

* Science

* Language Arts




Preparation

Time

* Create and copy
permission slips,
10-20 minutes

* Arrange
transportation
and chaperones,
5-30 minutes

Class Time
* Planning activity, 3045 minutes
* Field trip’, 60-90 minutes plus
travel time
* Wrap up, 3045 minutes

Background

Human societies have always
had to deal with waste
management. Technology has
made it possible to recover
many waste products before
they become part of the waste
stream.

Regardless of recycling efforts,
aluminum cans make up less
than | percent of the waste
stream. Making new aluminum
cans from recycled cans takes
only 5 percent of the energy
used to make a can from
bauxite ore.The energy savings
in 2003 alone were enough to
light a city the size of Pittsburgh
for six years.

Visiting a recycling center
allows students to see in action
what they’ve been talking
about in theory with regard
to waste recycling in general
and aluminum can recycling
in particular.

Procedure

Field Trip Planning

1. Ask students to speculate
about what happens to waste
products at the recycling center.
Does all the trash go in one
place? What happens after it
gets there? What kind of
machinery do they think they’ll
see! What sources of energy are
used to recycle the waste
products? What do they think
happens to cans at the recycling
center?

2. Involve the students in
planning a fact-finding trip to the
recycling center.What do they
want to find out? List their
questions on the board or
flipchart. (Save this list for the
post-trip wrap up.)

. Have students write in
their notebooks the questions
for which they especially want
answers. Have them leave at
least a half page between
questions. Then have them guess
what the answers might be.
(They can jot down what they
think in parentheses or label
their guesses with a “P” for
“prediction.”’) Optional: ask
students to draw their idea of
what the inside of a recycling
center looks like and what
machinery or sorting
mechanisms they’ll see.

4;_Arrange a date and time
to visit the recycling center.
Distribute permission slips and
arrange transportation.

Taking the Field Trip
. Remind students to bring
their notebooks and writing
instruments. Ask students to
consult their notebooks and

" If a field trip is not feasible, CMI's “Coolest Can” video is available for viewing
at www.cancentral.com or by request. This fun video takes you on the complete
recycling journey of an aluminum can from recycling center to can manufacturer
and back as a new can on a retailer’s shelf.



review the questions they
wanted to research. Suggest
that they take a different color
writing instrument with them
on the field trip to write
answers to their questions,

so they can keep the answers
separate from their predictions.
Since they have been studying
aluminum and aluminum cans,
you may want to remind them
to pay particular attention

to how aluminum products are
recycled.

Field Trip Discussion
&.When the students return,
discuss what they learned (refer
to the questions they listed
earlier). Ask them if what they
saw surprised them, and how.
What did they learn about how
waste materials were processed?
How, in particular, were cans
processed? How did the recycling
center use what is known
about aluminum’s properties to
separate the aluminum from
other metal objects?

Wrap Up

(Students can choose
one of the following
activities.)

1. Create a poem that
compares what “you used to
think” about what happens at
the recycling center to “what
you know now.” Start with
these lines:

| used to think...

But now | know...

Repeat the lines in pairs to
create poetic rhythm.

2. Write thank you letters to
the recycling center tour guide.
Each letter should mention one
or two things the students
learned.

. Report on what people
should know to recycle waste
products appropriately. (For
example, recyclables must be
sorted. Containers should be
rinsed clean before dropping
them in a recycling bin. Cans
can be crushed to save storage
space.) Decide if your class
wants to set up a classroom
recycling program, or present
the information to another class
to help them set one up in their
own classroom. Decide how to
communicate the information:
pamphlets, posters, “Did you
know?” announcements,
storytelling, etc.

4;_ Find out rates, hours of
operation, and procedures for
cashing in cans at local recycling
centers.Will recycling centers
help groups recycle aluminum
cans as a fundraising activity?
Perhaps local businesses would
also be willing to help donate
their cans or offer prizes to
encourage greater recycling
participation.

Extension

1. If your school has Internet
access, search the Internet for
more information about
recycling in your community.
For information related
specifically to aluminum cans
and the can-making industry,
you can go to these Internet
addresses:

Aluminum Association
www.aluminum.org

Can Manufacturers Institute
www.cancentral.com

TEACHER TIP

This lesson features a

visit to a recycling
center or transfer/
sorting station. If these
are not available in
your community,
consider adapting the
lesson by visitinga
landfill or by inviting
the community
recycling coordinator
to talk to your class.

REFERENCES

Parts of this

lesson were adapted
from-“Solvingthe-Can
Can Mystery,” 4Rs
Project: A Solid Waste
Management
Curriculum for Florida
Schools, 1990, page 69.
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LESSONA

Teaching
Objectives

* For students to take
ownership of an
environmental action
project.

* To develop cooperation

and other cognitive skills.

Skills

Teamwork,Working
with Personal Beliefs and
Values, Thinking Ahead,
Communicating, Making
Decisions and Taking Action,
Planning and Evaluating
Results of Action

ction, Please!

Activity

SEVEN:

KEY
VOCABULARY

* masthead
(see newspaper
activity)

Materials

For Signs/Posters

* charts, graphs, fact sheets
used and/or developed
during aluminum/aluminum
can recycling unit

* samples of signs or posters

* poster board; art materials;
found objects such as can
lids, used cans, drinking
straws, etc.

* art tools such as crayons,
paint, brushes, magic
markers, paste, scissors,
software for creating
computer-generated art
and signs, etc.

* bulletin board space plus
paper for background and
border material

* stapler

. Citizenship
* Social Studies
* Math

* Science

* Language Arts
.Art




Materials

For Signs/Posters Activity
* charts, graphs, fact sheets used and/or developed during
aluminum/aluminum can recycling unit
* samples of signs or posters
* poster board; art materials; found objects such as can lids, used
cans, drinking straws, etc.
Preparation * art tools such as crayons, paint, brushes, magic markers, paste,
scissors, software for creating computer-generated art and
signs, etc.
* bulletin board space plus paper for background and
border material
* stapler

Time

* Gather
materials for
designated
project, 10-20

. For Announcements Activity
minutes

* sample of public service announcements (written or prerecorded
audio tapes, or a video of familiar public service announcements,
perhaps from the local cable community channel)

* permission from building principal to have students perform a
series of announcements about their project, e.g., every week for
three weeks or perhaps two per day (one in the morning, one
before dismissal)

* tape recorder and blank tapes for rehearsal of announcements
(appoint one student to be responsible for the equipment and to
instruct others how to use it)

* a stopwatch or clock with a second hand to time announcements

For Newsletter/Newspaper Activity
* samples of newsletters or local newspapers
* short news article with strong lead related to school or recycling
* reporting guidelines, such as “who, what, where, when, why and
how” for questions and leads (these can be made available as
worksheets or demonstrated on the chalkboard or
flipchart)
* samples of clip art to illustrate stories
* typewriter or computer with word
processing software (page layout software,
too, if desired)
* jar for collecting masthead suggestions
for later review and vote

Class Time
* Discuss and plan project,
45-60 minutes. Additional time
to be decided by teacher.

For All Activities
* scrap paper for drafting designs,
announcements and stories
* copies of your school or school
district’s waste management program plan
and policy (make information available to
students as wall charts or handouts, so the
information they act on and communicate
is accurate)
* copies of your building’s policy on posting
signs or artwork



Background

In the earlyg.grades, students
begin to develop citizen action
skills by participating in
experiences that are appropriate
for their age and maturity levels.
It's best if these experiences
come from the students’
concerns and are linked with
the process of inquiry
emphasized in earlier lessons.
Action on issues that students
identify in the classroom, the
school or the community can
boost students’ confidence as it
increases their knowledge and
skills. In general, local, concrete
issues are appropriate for young
learners because they can see
immediate results.

In this lesson, students and
their teacher review what
they've learned about aluminum
and aluminum can recycling and
(1) decide how they'd like to
share that information with the
rest of the school community
and (2) choose an action project
that allows them to participate
in an environmental or recycling
project.

Procedure

1. To conclude this case study
of the aluminum can, build on
comments the students have
made about how people can
solve environmental waste prob-
lems, such as through recycling,
buying products that are manu-
factured from recycled materials
or that have minimal packaging,
and telling others about the
importance of reducing waste.

2. Reinforce the idea that
through their explorations
into packaging, properties of
aluminum, aluminum can
production and aluminum can
recycling, they now have

knowledge that could benefit
others. Ask them to reflect on
the meaning of their knowledge,
discoveries and conclusions for
their own community.

3. Brainstorm with them
about what they might like to
do with this information or how
they might like to put some of
their ideas into action. Facilitate
a discussion that explores
different action scenarios.
Possible activities are briefly
described below.

The “Cans for
Cash Challenge”
Can Collection

Your class may conduct a
“Cans for Cash Challenge”
can collection to earn some
money for a special cause or as
a way to reinforce the concepts
learned in these lessons. By
collecting cans over a designated
time period and returning them
to a recycling center for cash,
students will earn funds for a
designated charity or cause.

This project involves recycling
aluminum cans. Students can
use math skills to calculate
collection goals and monetary
proceeds, social studies skills to
map and plan their collection
process, language arts skills to
discuss and write up their
Challenge activity, and citizenship
skills to embark on this project.

Making Signs or Posters
This project asks students to
communicate one idea about
what they've explored in the
aluminum can case study in sign
or poster form. Students can
work on this project individually
or in pairs, or can be grouped
into “information,” “artist/
designer;” and “writer” teams.
The information team could

decide the information to be

TEACHER TIP

This lesson involves

students in planning an
action project.You will
need one class period
for planning.You can
then decide the scope
of the project in terms
of how many more
class hours you will
allot and how you will
integrate the lesson
with your curriculum.

Need extra help in
implementing an
aluminum can recycling
program!? This lesson is
a good project for
older students seeking
to fulfill community
service-hour graduation
requirements. Under
your direction, high
school students help
intermediate students
with the various
activities, including the
recycling of cans:
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communicated, the artist/
designer team could choose
materials and design for each
poster, and the writer team
could work on composing
slogans or other written
material for the signs or
posters.

1.To introduce the activity,
show students samples of signs
and posters and ask which ones
they think “work” What do they
like about them? How do the
posters get their message
across! How many messages
does each poster have? Does it
work better with one message
or more than one message?
Do any of the signs use symbols
to enhance their message?
Pictures?

2. Ask students their ideas
about what theyd like people
to know about aluminum or
aluminum can recycling. Create
workgroups (individuals, pairs,
teams).Ask students to select
an idea for a sign or poster and
use the remainder of the work
period to draft their ideas
on paper for presentation to
the class.

2. Have students present
their ideas to the class and ask
the class to review each sign or
poster. Have the class tell what
they like about the sign or
poster and suggest some ideas
for making the poster more
effective. (An alternative feed-
back mechanism could involve
the poster creators saying what
they'd like help with; for example,
the poster is trying to show
how people can participate in
recycling efforts, but it needs a
better slogan.)

4;_After this presentation,
have students complete their
signs and posters. Choose a
display mechanism, such as
posting them in the halls or in
display cases, or modeling them
for older classes. Teachers in
the upper grades can use the
information as a basis for
science fair projects, for dialogue
with the students about
environmental studies or action
projects, or for creative writing
assignments such as interviewing
the students who created the
posters and writing stories for
the school newspaper or for
submission to the community
page of the local newspaper.
Share copies of the students’
posters with local elected
officials and local recycling
coordinators.

Public Service
Announcement Activity

This project asks students to
choose messages they would
like to send related to recycling
or other environmental action
projects. The students review
samples of public service
announcements (PSAs) and
work as individuals or teams to
create messages that get
attention and can be
communicated in 15-30
seconds.

1-To introduce the activity,
lead a discussion about how
people often use radio or
television public service
announcements to communicate
messages they believe will help
the community. Present samples
of PSAs (such as those you've
prerecorded on audio or
video). Note the length of each
message by having the students
time each one with a stop-
watch or a clock with a second



hand. List these times on the
board. Ask how the writers
made their announcements
interesting and educational.
Were the messages effective?
Did they use rhyming words?
Music? Humor? Repetition?
Write responses on the board.

2. Have the students get a
sense of the concept of “15
seconds.” Ask them to close
their eyes and raise their hands
when they think 15 seconds
have passed. Have them tell a
story to a classmate and stop
after they think |15 seconds have
passed. During these activities,
time them and call out when
time is up.

. Ask students to choose
some messages about aluminum
can recycling or a related
environmental action project
they would like to make into
PSAs that they could then
broadcast to the rest of the
school. Have them choose some
of the gimmicks they'd like to
try to make their messages
effective. Ask the students to
work individually or in small
groups to create their
announcements.

4t Have students practice
reading their announcements
aloud to fit the specified time
(15-30 seconds).They can use
the tape recorders to play back
messages and time them, or
have one student be the
time-keeper for each group.
When the class is ready, have
volunteers read their
announcements to the class
for suggestions.

>. Ask students to revise
their announcements and
practice them aloud with a tape
recorder or another student.
Assign a student to review office
procedures, reporting times, and
other requirements for PSA
announcements. Help students
schedule announcements for
broadcast. Note: In the
communications industry, PSAs
are typed double-spaced, in all
capital letters, with wide margins
to make them easier for the
announcer to recognize and to
read. Teachers can choose
whether or not to disclose this
format to their students.

Newsletter/Newspaper
Activity

This project allows the
students to create a newsletter
that communicates information
and news. To make it timely,
students can focus on aluminum
and aluminum can recycling.
If the project is successful, the
students can produce other
newsletters throughout the
year that focus on other
environmental or recycling
issues.

1. To introduce the activity,
share samples of newsletters
and local newspapers with the
class. Choose a (short) story
with a strong lead that relates to
schools or recycling and read
the article to the class.
Emphasize the “news” aspect of
the samples and the importance
of gathering accurate facts about
the story events.Ask what could
happen if, for example, a
particular fact was incorrect.

Calendar
Dates

Earth Day — April 22
Make a Difference
Day — 4th Saturday

of every October

America Recycles
Day — November |5
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2. Ask students what they
learn in the very first paragraph
of the story (who, what, when,
where, why and how). Explain
that journalists get this
information so that readers have
as many facts as possible about
the news, and that they usually
put this most important
information in the first
paragraph (or lead) of the story.
Ask students to guess why this
information is almost always
mentioned first (so people can
get news fast, so if a paper has
to run a lot of news they can
shorten stories and still keep
the most important information
by printing the first few
paragraphs).

. Explain that newsletters
and newspapers choose names
that tell something about the
content of the articles or about
the city or place where the
newsletter or newspaper is
based. The name of the
newsletter or newspaper is
called the masthead. Develop a
masthead for the newsletter by
asking students to reflect on
their story ideas and come up
with as many ideas as they can.
These ideas can be written on
slips of paper and dropped into
a jar to be reviewed and voted
on later.

4;_ Suggest that the students
brainstorm about news they
want to cover about aluminum
or aluminum can recycling.VVhat
facts should they include in their
stories? What would people
want to know?

. Break the students into
groups. Have several groups
choose a story to cover and
generate questions they will use
to get information. Remind
them of the basic “who, what,
where, when, why and how”
approach to reporting. Have one
group decide how to use clip
art to illustrate the stories. Have
another group calculate how
many copies of the newsletter
are needed for distribution,
approximately how many pages
per copy, and therefore how
much paper is needed to print
the newsletter. Ask them to
decide if the newsletter should
be free or whether there should
be a charge to cover the cost of
printing. This last group could
also work on getting an adult
volunteer to produce the
newsletter copy after it’s written
and be in charge of assembling
finished copies.

&. Once they have chosen
their questions, students can
plan how to gather news,
whether by interviewing or by
using fact sheets, books or the
Internet. They will write their
stories and read them for
reaction, comments or
suggestions from their peers.
(Note: Establish guidelines such
as having listeners ask what they
found interesting, what they
learned from the article, and any
other questions they have about
the facts presented.)

1. At this point, maybe review
the difference between fact
(something that is objectively
true and can be proven) and
opinion (a feeling or belief not
based on fact and that cannot
be proven right or wrong).The



students could suggest ways
they could verify the accuracy of
the facts (use different sources
to confirm the information, have
someone else other than the
writer check the facts, etc.).
Developing a policy about
bylines and photo or art credits
(i.e., deciding whose name goes
on the story, the art, or any
other illustrations) would be
one way to emphasize the
importance of getting the facts
straight because the writer(s)
would be identified.

&. Depending on the class’s
ability level, perhaps also
introduce the idea of quotation
marks as tools writers use to let
the reader know that the words
inside them were the speaker’s
exact words. Give examples of
how students can use quota-
tions to show the exact words
of the persons they interviewed
for the stories.

9. Finally, introduce the
notion of quality checks — the
process of spell-checking, editing
and otherwise making the writ-
ing shine for the reader. Explain
that well-written articles are
more interesting to read and
show respect for readers’ time,
and the writer is more believable
because he or she took the
time to verify facts and correct
errors.The students may suggest
the names of classmates who
are excellent in spelling and
grammar and could use their
skills to do quality control.

10. Have students revise their
stories; check bylines, clip art,
and photo/art credits; and print
a draft copy of the newsletter;
leaving space for the masthead.

Review the titles students
suggested and agree on a name.
Arrange for printing. Consider
distribution:Will students
hand-carry newsletters to their
audience? If they have decided
to charge for the copies, how
will money be collected and
recorded?

Wrap Up

(Students can choose
one of the following
activities.)

Ask students what they
learned about communicating
their ideas.VVhat makes a news
article, poster, PSA or other
communications-based product
effective? What was the easiest
part of the project? The hardest?
What would they do differently
the next time? Do they have any
evidence that their projects
affected the environment? If so,
what? If not, what could they do
next time to get better results?

71



REFERENCE

Parts of this lesson were
adapted from the
California Integrated
Waste Management
Board’s curriculum
“Closing the Loop.”

For more information
about this_curriculum,
call 916-341-6769.
http://www.ciwmb.ca.gov/
Schools/Curriculum/

default.htm
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Extensions

1-
2.

>.

5.

>.

6.

Repeat the projects with different, but related, themes.

Write an article about the class project for publication in the
local newspaper.

Contact a local radio station to see about airing some of the
public service announcements.

Use pieces of the projects listed above to create a bulletin
board display that could be mounted in a high-traffic area such
as a cafeteria.

Create a theater event such as a play or a puppet show based
on aluminum or aluminum can recycling for younger students.
Organize an event such as a fair centered around a recycling
theme. Exhibits might include artwork related to recycling,
collages made out of scrap, or inventions made out of recycled
materials. Drawings could show how recycling works or give
examples of materials that are considered closed-loop recycling
products. Posters could demonstrate how to prepare various
types of materials for recycling.

Marilyn J. Brackney’s Vebsite, The Imagination Factory
(http://www.kid-at-art.com/htdoc/lesson| | .html), has several
activities related to recycling material into art (e.g.,“How We
Recycled Solid Waste to Make a Sculpture” and “What Can a
Can Be Besides a Can?”).The activities are written in easy-to-
understand language and include supply lists, instructions and
sample projects. Access this site and use it as a starting point for
an art activity at a fair or other recycling event. Note: To recycle
the cans, the art affixed to them must be completely removed.
Add November |5 — America Recycles Day — to your school’s
calendar and celebrate by raising awareness and involvement in
recycling with pledge cards. Find out how environmentally
conscious students are by graphing their responses and sharing
this with the student body via announcements or an article in
the school newspaper or PTA bulletin.
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Sponsors

North American
Association for
Environmental
Education (NAAEE)

The North American
Association for Environmental
Education (NAAEE) is a
network of individuals and
organizations dedicated to
promoting a healthy, sustainable
environment through education.
In its work, the association
takes a nonconfrontational,
cooperative and scientifically
balanced approach to promoting
education about environmental
issues. NAAEE vigorously
supports environmental
educators as they work with
many audiences in a wide
variety of settings.

In order to translate theory
into reality and provide tangible
support for environmental
education and environmental
educators, NAAEE engages in
a variety of programs and
activities. Perhaps the single
most important activity of the
association is the annual
conference. Each year, educators
from around the world gather
at a North American site to
learn from fellow experts in the
field and share experiences.
However, the conference is only
one aspect of association
activities.A highly professional
publications program is another
key feature of NAAEE.The
association produces a
bimonthly newsletter with
timely articles, resource listings
and announcements. In addition,
NAAEE produces professional
publications of interest to
environmental educators, and
adds to this series of scholarly

monographs and practical
manuals on a regular basis.

In addition to these ongoing
activities, the association
undertakes the development of
model programs and other
selectively targeted initiatives on
a regular basis. Recent initiatives
include creation of materials for
use in NAAEE'’s Environment
Issues Forums (EIF) program;
development of peer-reviewed
papers on the history, goals
and underlying principles of
environmental education;
implementation of the NAAEE
Training Institute to provide a
forum for instruction and
discussions in a variety of
subject areas each year;and
sponsorship of the VINE
Network and the Urban
Leadership Collaboratives with
their programs of education
in urban areas across the
United States.

Can Manufacturers
Institute (CMI)

The Can Manufacturers
Institute (CMI) is a national
trade association representing
aluminum beverage can makers
and their suppliers. As the nexus
of industry interests since 1939,
CMl is the can makers’ voice to
the business community; their
watchdog in Washington, DC
and state legislatures; a liaison
to communities across the
country; an educational
clearinghouse for groups,
schools and organizations
interested in recycling;and a
technical forum to resolve
common industry concerns or
problems. CMI also plays an
important role in ensuring the
environmental soundness of the
industry. Together with the



membership, CMI strives to educate the public about the
successes of the aluminum can in these and other areas.

For more than |5 years, CMI has actively promoted
aluminum beverage can recycling across the United States.
CMI has created an exciting program aimed at youth groups
called the Cans for Cash Challenge. This grassroots
program is designed to create a recycling ethic nationwide,
particularly with school children, by encouraging them to
earn funds by “turning cans into cash” through the collection
and recycling of used beverage cans.Through this program,
CMI has reached thousands of school children, Boy and Girl
Scouts, 4-H clubs, and community recyclers.

For environmental educators looking for the next level of
curriculum, CMl is delighted to offer Talkin’ Trash with the
ABCs.This middle school curriculum continues to explore
environmental and scientific dilemmas and social concerns
creatively and proactively. The lessons also meet the U.S.
Department of Education Project 206 1’s Benchmarks for
Science Literacy standards to ensure that students are literate
in a common set of standards that promote responsible
analyses of the world’s environmental changes.To request a
free copy, please contact the Can Manufacturers Institute at
the address provided below.

Please refer all questions, comments,
additional orders, requests for additional
resources and other correspondence to:

Schools Program Coordinator

Can Manufacturers Institute

1730 Rhode Island Avenue, NW
Suite 1000

Washington, DC 20036
|-888-Can-Central

Fax: 202-232-5756

E-mail: jday@cancentral.com
Internet: http://www.cancentral.com
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