TALKIN’ TRASH WITH ABCs (ALUMINUM BEVERAGE CANS)

AN INTERDISCIPLINARY CURRICULUM MODULE FOR GRADES 6-9

INTRODUCTION
Welcome to the interdisciplinary curriculum module, Talkin’
Trash with ABCs (Aluminum Beverage Cans). Designed for
middle level students, this resource embeds the concepts of
environmental education in the investigation of aluminum
beverage can recycling. The main goal of this curriculum is to
help present and future generations approach environmental
and scientific dilemmas and social concerns creatively and
proactively. Through these lessons, students will be equipped
with deliberative frameworks, decision-making processes,
analytical information and critical-thinking skills to navigate
tough problems and develop solutions.
Talkin’ Trash with ABCs (Aluminum Beverage Cans) includes
background information, in-class experiments and extracurricular
activities intended to meet the U.S. Department of Education
Project 2061’s Benchmarks for Science Literacy. The concepts
and learning outcomes adapted in this kit have been created to
ensure that at the middle school level, students are literate in a
common set of standards that promote responsible analyses of
the world’s environmental challenges.
Why is aluminum beverage can recycling important? The
aluminum beverage can is one of the most recycled beverage
containers and one of the most valuable recyclable consumer
products. By studying the lifecycle of the aluminum beverage
can, students will experience the complexity of issues challenging
industry, government, and consumers as
they balance environmental concerns,
economic factors, and social considerations.
It is critical that students learn how to
assess these aspects to make sound
consumer choices and sound decisions
as our future leaders.
The curriculum packet is designed to act
as a whole unit or as stand alone activities.
You can easily determine how much time
you want to spend on this topic and
choose lessons to meet your students’
needs. Each lesson plan includes background information, as well as assessment
and extension options.
Thank you for taking the time to teach
our youth about environmental issues in
a non-biased manner and encouraging
them to become active citizens and
effective leaders.
For more information please call
1-888-cancentral (226-2368).
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OVERVIEW

OVERVIEW

LESSON OVERVIEW
Through the Cans of Time: Students explore the historical
development of the modern aluminum can. They study a part
of the time line, determine key people and events, and present
information to the class through a paper bag role play. The
lesson provides an introduction to the aluminum can as a
package with a purpose.
Can Swat: Students study key vocabulary related to the
aluminum can industry. They define and use words in
sentences to acquire an understanding of the vocabulary
that is used throughout the curriculum unit. To assess their
knowledge, students participate in an interactive game. This
lesson introduces several new concepts and vocabulary words.
Packaging Properties: Through lab experiments, students
investigate various packaging materials to learn the properties
of each and to distinguish aluminum as a highly recyclable
material. They examine the magnetic, corrosive, conductive,
density and thermal properties of aluminum, glass, Styrofoam,
plastic, steel and tin. This lesson highlights the beneficial
properties of aluminum as a packaging material when compared
with other materials.
Can A Loop: Students investigate the life cycle of the aluminum
beverage can, including closed-loop and incomplete cycles.
They create visual connections between each step in the cycle
and learn what happens when recycling is not included.
Bauxite Beginnings: Students discover where bauxite is
primarily located and mined in the world, through the use
of an infrared thermometer. They measure the simulated
temperature on the surface of various countries displayed on
a world map to determine possible bauxite mine locations.
The lesson is an introduction to aluminum as a natural resource.
Can-o-Nomics: Students participate in a simulation of the
can manufacturing industry. Working in business groups or
companies, students mine bauxite, create ingots, manufacture
cans, and recycle to learn about the economic drivers in the
aluminum can industry. This lesson can serve as the framework
for the curriculum unit or as a stand alone, as it incorporates
many aspects of the aluminum beverage can.
Landfills: From Leftovers to Leachate: Students experiment
with leachate, a by-product found in landfills, to develop a
better understanding of how landfills work. They begin to see
the connection between recycling and landfills as they explore
what happens to trash when it leaves their homes.
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How Trashy Are You? Volume Calculations: Students work
with M&MsTM to show the relationship between the volume of
waste and the amount of land needed to dispose of the waste
for themselves, the classroom, and the community. Students
begin to see the relationship between metric units and metric
volumes. This lesson brings the concept of volume and waste
to a personal and easy-to-understand level.
My Trashy Business: Students investigate their personal trash
and recycling habits and brainstorm ways to decrease trash and
increase recycling. Students learn how their habits compare to
others’ and pledge to take personal action toward improvement.
Audit for Action: Taking what they have learned from their
personal waste habits, students audit their school’s waste.
Students collect waste in key school areas to determine the
best recycling plan based on the data. They make educated
decisions about implementing a school recycling program or
gaining support for a program already in place.

2

LESSON PLANS & NATIONAL
EDUCATION STANDARDS MATRIX
Below is a quick reference guide to the National Education
Standards that are addressed in each Talkin’ Trash with ABCs
lesson plan. Please refer to the Standards Key for detailed
descriptions.

LESSON PLANS

NATIONAL EDUCATION
STANDARDS ADDRESSED

Through the Cans
of Time

WH5-9, USH2-10, LA1,
LA4, LA5, LA7, LA8

Can Swat

LA3, LA4, LA5, LA6

Packaging Properties

S1, S2, S3, S6, S7,
LA4, LA6, LA7

Can A Loop

G5, S1, S7, LA4, LA12

Bauxite Beginnings

SUBJECT AREAS
SS

M

S

X

LA

X
X
X

X

X

X

X

G2, G5, G6, S1, S2, S6

X

X

Can-o-Nomics

C3, E1, E2, E3, E4, E5, E7,
E8, E13, G5, M1, M2, M3,
LA4, LA5, LA7, LA11, LA12

X

Landfills: From
Leftovers to Leachate

G5, S1, S2, S3, S7

X

How Trashy Are You?
Volume Calculations

G5, M1, M2, M3, M8, M11,
M12, M13, LA7, LA12

X

My Trashy Business

M1, M2, M3, M4,
LA7, LA12

Audit for Action

C5, E2, M1, M2, M3, M4,
M6, M13, LA4

X

X

X
X

X

X

X

X

X

X
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NATIONAL EDUCATION
STANDARDS KEY
SOCIAL STUDIES

SCIENCE

MATH

LANGUAGE ARTS

Please look for these symbols in the bottom center of the
lesson plans indicating what subject areas are represented. See
the lesson plan sample below. All standards listed are the
National Education Standards for grades 5–9. See individual
subject areas for additional standard information.

STANDARDS ARE LISTED BY
REFERRAL CODE

SYMBOLS SHOW SUBJECT
AREA STANDARDS REPRESENTED
IN LESSON PLAN
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NATIONAL COUNCIL FOR THE SOCIAL STUDIES
(NCSS)
STANDARDS KEY
http://www.ncss.org/standards/
http://www.education-world.com/standards

CIVICS
C3:

C5:

Principles of Democracy
How does the government established by the
constitution embody the purposes, values, and
principles of American democracy? What does the
national government do? What is the place of law
in the American constitutional system?
Roles of the Citizen
What are the roles of the citizen in American
democracy? What are the rights of citizens? What
are the responsibilities of citizens?

ECONOMICS
E1:

E2:

E3:

E4:

E5:

E7:

E8:

E13:

Productive Resources
Concepts include: scarcity, budgeting, expected value,
economic criteria
Effective Decision Making
Concepts include: consumption, personal budgeting,
needs vs. wants
Allocating Goods and Services
Concepts include: distribution methods, market
economy, economic systems, consumption, demand
Positive and Negative Incentives
Concepts include: consumer behavior, monetary and
non-monetary incentives
Voluntary Exchange
Concepts include: buyers, sellers, trade, standard of
living, imports, exports
Markets and Market Prices
Concepts include: relative price, equilibrium price,
supply and demand, exchange rate
Supply and Demand
Concepts include: law of demand, relationships
between price and quantity, interrelationships of
markets
Income and Earning
Concepts include: wages, salary, productive resources,
labor, employers, supply and demand relationships

WORLD HISTORY
WH5: Intensified Hemispheric Interactions, 1000–1500 CE
Interregional systems of communication, trade and
cultural exchange, expansion of states in the Americas,
patterns of crisis and recovery in Afro-Eurasia, global
trends
5

WH6: The Emergence of the First Global Age, 1450–1770
Global transformations, global intercommunication,
territorial empires, major global trends
WH7: An Age of Revolutions, 1750–1914
Causes and consequences of political, agricultural
and industrial revolutions, transformation of Eurasian
societies, patterns of nationalism, state-building and
social reform, major global trends
WH8: A Half-Century of Crisis and Achievement,
1900–1945
Reform, revolution and change of world economy,
WWI, WWII, global trends beyond WWII
WH9: The 20th Century since 1945:
Promises and Paradoxes
Post WWII reconstruction, international power
relationships, interdependent world, major global
trends

U.S. HISTORY
USH2: Colonization and Settlement (1585–1763)
European attraction to the Americas, emergence of
political, social and religious institutions, slavery
USH3: Revolution and the New Nation (1754–1820s)
Causes and impacts of the American Revolution,
institutions and practices of government, American
political system roots, U.S. Constitution and Bill of
Rights
USH4: Expansion and Reform
U.S. territorial expansion, Native Americans,
immigration, westward movement, political democracy
USH5: Civil War and Reconstruction (1850–1877)
Causes and effects of the Civil War, reconstruction
USH6: The Development of the Industrial United States
Rise of corporations, industry, mechanized farming;
massive immigration, rise of the American labor
movement, federal Indian policy
USH7: The Emergence of Modern America (1890–1930)
Progressives, urbanization, political corruption,
changing role of the U.S.
USH8: The Great Depression and WWII (1929–1945)
Causes and effects of the Great Depression, New
Deal, welfare state, causes and course of WWII
USH9: Postwar United States (1945 to early 1970s)
Economic boom and social transformation of postwar U.S., Cold War, domestic policies after WWII,
racial and gender equality issues
USH10: Contemporary United States (1968 to present)
Recent developments in foreign and domestic policies;
economic, social and cultural developments
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GEOGRAPHY
G2:

G5:

G6:

Places and Regions
Physical and human characteristics of places, influence
of culture and experience on perception of places
Environment and Society
Modification of the environment by human actions,
relationship between physical and human systems,
resource distribution
The Uses of Geography
Applications of geography to interpret the past, present
and future

NATIONAL SCIENCE EDUCATION
STANDARDS KEY
http://www.nap.edu/readingroom/books/nses/

STANDARDS
S1:

S2:

S3:

S6:

S7:

Unifying Concepts and Processes
Systems, order and organization; evidence, models,
and explanation; change, constancy, and measurement;
evolution and equilibrium; form and function
Science as Inquiry
Abilities necessary to do scientific inquiry; understandings
about scientific inquiry
Physical Science
Properties and changes of properties in matter;
motions and forces; transfer of energy
Science and Technology
Abilities of technological design; understandings about
science and technology
Science in Personal and Social Perspectives
Personal health; populations, resources, and environments; natural hazards, risks and benefits; science and
technology in society

NATIONAL COUNCIL OF TEACHERS OF
MATHEMATICS (NCTM)
STANDARDS KEY
http://www.nctm.org/standards/

STANDARDS
M1:

Understand numbers, ways of representing
numbers, relationships among numbers, and
number systems
• work flexibly with fractions, decimals, and percents
to solve problems;
7

M2:

M3:

M4:

M6:
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• compare and order fractions, decimals, and percents
efficiently and find their approximate locations on a
number line;
• develop meaning for percents greater than 100 and
less than 1;
• understand and use ratios and proportions to
represent quantitative relationships;
• develop an understanding of large numbers and
recognize and appropriately use exponential,
scientific, and calculator notation;
• use factors, multiples, prime factorization, and
relatively prime numbers to solve problems;
• develop meaning for integers and represent and
compare quantities with them.
Understand meanings of operations and how they
relate to one another
• understand the meaning and effects of arithmetic
operations with fractions, decimals, and integers;
• use the associative and commutative properties of
addition and multiplication and the distributive
property of multiplication over addition to simplify
computations with integers, fractions, and decimals;
• understand and use the inverse relationships of
addition and subtraction, multiplication and division,
and squaring and finding square roots to simplify
computations and solve problems.
Compute fluently and make reasonable estimates
• select appropriate methods and tools for computing
with fractions and decimals from among mental
computation, estimation, calculators or computers,
and paper and pencil, depending on the situation,
and apply the selected methods;
• develop and analyze algorithms for computing with
fractions, decimals, and integers and develop fluency
in their use;
• develop and use strategies to estimate the results
of rational-number computations and judge the
reasonableness of the results;
• develop, analyze, and explain methods for solving
problems involving proportions, such as scaling and
finding equivalent ratios.
Understand patterns, relations, and functions
• represent, analyze, and generalize a variety of patterns
with tables, graphs, words, and, when possible,
symbolic rules;
• relate and compare different forms of representation
for a relationship;
• identify functions as linear or nonlinear and contrast
their properties from tables, graphs, or equations.
Use mathematical models to represent and
understand quantitative relationships
• model and solve contextualized problems using
various representations, such as graphs, tables, and
equations.

M8:

Analyze characteristics and properties of twoand three-dimensional geometric shapes and
develop mathematical arguments about geometric
relationships
• precisely describe, classify, and understand relationships
among types of two- and three-dimensional objects
using their defining properties;
• understand relationships among the angles, side
lengths, perimeters, areas, and volumes of similar
objects;
• create and critique inductive and deductive arguments
concerning geometric ideas and relationships, such
as congruence, similarity, and the Pythagorean
relationship.
M11: Use visualization, spatial reasoning, and geometric
modeling to solve problems
• draw geometric objects with specified properties,
such as side lengths or angle measures;
• use two-dimensional representations of threedimensional objects to visualize and solve problems
such as those involving surface area and volume;
• use visual tools such as networks to represent and
solve problems;
• use geometric models to represent and explain
numerical and algebraic relationships;
• recognize and apply geometric ideas and relationships
in areas outside the mathematics classroom, such as
art, science, and everyday life.
M12: Understand measurable attributes of objects and
the units, systems, and processes of measurement
• understand both metric and customary systems of
measurement;
• understand relationships among units and convert
from one unit to another within the same system;
• understand, select, and use units of appropriate size
and type to measure angles, perimeter, area, surface
area, and volume.
M13: Apply appropriate techniques, tools, and formulas
to determine measurements
• use common benchmarks to select appropriate
methods for estimating measurements;
• select and apply techniques and tools to accurately
find length, area, volume, and angle measures to
appropriate levels of precision;
• develop and use formulas to determine the
circumference of circles and the area of triangles,
parallelograms, trapezoids, and circles, and develop
strategies to find the area of more complex shapes;
• develop strategies to determine the surface area and
volume of selected prisms, pyramids, and cylinders;
• solve problems involving scale factors, using ratio
and proportion;
• solve simple problems involving rates and derived
measurements for such attributes as velocity and
density.
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NATIONAL COUNCIL OF TEACHERS OF
ENGLISH (NCTE)
LANGUAGE ARTS STANDARDS KEY
http://www.ncte.org/standards/standards.shtml

STANDARDS
LA1:

LA3:

LA4:

LA5:

LA6:

LA7:
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Reading for Perspective
Students read a wide range of print and nonprint texts
to build an understanding of texts, of themselves, and
of the cultures of the United States and the world; to
acquire new information; to respond to the needs and
demands of society and the workplace; and for personal
fulfillment. Among these texts are fiction and nonfiction,
classic and contemporary works.
Evaluation Strategies
Students apply a wide range of strategies to comprehend,
interpret, evaluate, and appreciate texts. They draw on
their prior experience, their interactions with other
readers and writers, their knowledge of word meaning
and of other texts, their word identification strategies,
and their understanding of textual features (e.g.,
sound-letter correspondence, sentence structure,
context, graphics).
Communication Skills
Students adjust their use of spoken, written, and
visual language (e.g., conventions, style, vocabulary)
to communicate effectively with a variety of audiences
and for different purposes.
Communication Strategies
Students employ a wide range of strategies as they
write and use different writing process elements
appropriately to communicate with different audiences
for a variety of purposes.
Applying Knowledge
Students apply knowledge of language structure,
language conventions (e.g., spelling and punctuation),
media techniques, figurative language, and genre to
create, critique, and discuss print and nonprint texts.
Evaluating Data
Students conduct research on issues and interests by
generating ideas and questions, and by posing problems.
They gather, evaluate, and synthesize data from a variety
of sources (e.g., print and nonprint texts, artifacts,
people) to communicate their discoveries in ways that
suit their purpose and audience.

LA8:

Developing Research Skills
Students use a variety of technological and information
resources (e.g., libraries, databases, computer networks,
video) to gather and synthesize information and to
create and communicate knowledge.
LA11: Participating in Society
Students participate as knowledgeable, reflective,
creative, and critical members of a variety of literacy
communities.
LA12: Applying Language Skills
Students use spoken, written, and visual language to
accomplish their own purposes (e.g., for learning,
enjoyment, persuasion, and the exchange of information).

11
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LESSONS

LESSONS
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THROUGH THE CANS OF TIME

BACKGROUND:

See the Through the Cans of
Time Teacher Background Sheet
for detailed information.

GOAL:
Students will understand
the historical development of
the modern aluminum can.

OBJECTIVES:
Students will…
• Analyze past events in
the history of the can.
• Tie the development of
the can to other historical
events.
• Create a timeline of
events in the history of
the can.

MATERIALS:

(FOR A CLASS OF 30)
• 6 Pieces of large poster
board
• Markers
• Overhead projector or
large chalkboard
• 30–40 Large brown
paper bags
• 30 Copies of student
sheets
• Copies of Through the
Cans of Time Timeline
and Group Information
Sheets
• Tape

TIME REQUIRED:
Two, 45–60 minute periods

STANDARDS MET:
WH5-9, USH2-10, LA1,
LA4, LA5, LA7, LA8
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PROCEDURE
PREP

ASSESSMENT
• Fulfill skit
requirements
• Complete
accurate
timelines
• Complete
accurate
Student Sheets
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• Obtain at least 6 pieces of poster board and draw a straight
line across each to represent a part of the timeline. Try to
draw the line in the same place on each poster board.
• Draw one long line on the board or overhead transparency
to represent the timeline for student brainstorm. Divide it
into time periods that students will be assigned.
• Obtain brown paper bags for skits (at least one per student).
• Gather any research materials (see Resources pages) or
arrange for research to be done on the Internet.
• Information for the timeline is taken from
www.cancentral.com.
• Photocopy Student Sheets and time period information.
• Gather any art materials to enhance student timelines.

DAY ONE
• Place students into groups of five.
• Randomly assign each group to a time period describing
the history of the can: “The Can: A Brief History Lesson,”
“Expansion of the Industry,” “Technical Breakthroughs,”
“Beverage Canning,” “The Invention of the Aluminum
Can,” and “Cans and the Environment.”
• You might also consider dividing groups according to the
timeline on Through the Cans of Time Timeline. Students will
need to do more research using this method. See the
Resources pages in this curriculum unit for research ideas.
• Ask each group to take 5 minutes to brainstorm a list of
inventions or happenings involving the can (aluminum,
steel, etc.).
• At the end of 5 minutes, ask each group to share 2–3 things
they brainstormed. They will be making a lot of guesses at
this point. Write down their thoughts in the time period
they believe the event occurred.
• Explain that students will now research their time period
using Through the Cans of Time Timeline, time period
Information Sheets, and any other research sources that you
have arranged (Internet, books, etc.).
• Explain that there are two parts to this assignment.
Students will create a piece of a larger timeline. They will
also develop and enact a paper bag skit highlighting events
during their time period.
• Copy and distribute the Timeline and Skit Requirements.
• Review the information on the sheet with students.
Students should also research any connections between
broader historical events and occurrences within the
aluminum beverage can industry.
• Hand out Through the Cans of Time Group Information Sheets
pertaining to time periods for each group.

• Hand out one poster board to each group. Explain that
they are to begin by labeling the beginning and end dates
of their era on opposite ends of the board.
• Give students time to research, create timeline and prepare
skit.

DAY TWO
• Hand out the Through the Cans of Time Student Sheet and
review. Students will need to write down any important
events that are presented during the skits.
• Begin student presentations by reminding students of
guidelines. Review skit requirements.
• Go through skits in the order of the timeline. When a
group has completed its skit, the students should place
their poster board in a prominent place in the classroom
that is large enough to display the entire timeline.
• After each skit, review important events so that students
can complete their Student Sheet.
• Skits should not be longer than 3 minutes each.
• At the end of the skits, review the entire timeline.

EXTENSION

• Review the history of aluminum with students. For information
go to: http://www.world-aluminum.org/history/index.html
• Brainstorm the future of the can with students and ask
them to create the next 20 years of the timeline. Students
can create a futuristic aluminum can to fit their timeline
predictions.
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TIMELINE AND SKIT REQUIREMENTS
TIMELINE REQUIREMENTS:
• Use provided poster board with line already drawn on it
• Determine general time period you are investigating and
write on the timeline
• Break into year segments
• Include as many important events in time period as possible
• Include at least 2 world or other national events that relate
in some way
• Must include visuals, artwork, pictures, etc.
• Names of all group members

PAPER BAG SKIT/ROLE PLAY REQUIREMENTS:
• ONLY use paper bags as costumes, props, etc.
• Can color, cut, and/or tape bags
• Must include a visual outlining the dates of events in
your skit
• Must portray highlights and prominent figures in time period
• Cannot be longer than 3 minutes
• Should be FUN!!!
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TIME PERIOD

IMPORTANT EVENTS

Name: ___________________________________________________ Date: _____________________________

THROUGH THE CANS OF TIME

TEACHER BACKGROUND
FOR EXAMPLE:
• The can industry
contributes
more than $8
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 employed
directly by the
can industry.
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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, when high-speed machinery
produces 2,800 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
nearly two centuries, the can has evolved to meet ever-changing
market demands around the world.
The metal can is a simple, environmentally friendly, costeffective 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, freshly harvested fruits, and
vegetables. 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 meats, fish and ready-to-eat meals,
giving us access to a variety of nutritious foods available
beyond their growing season, even internationally, 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.

GROUP 1 INFORMATION
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 15 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 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 more than four months. “When
opened, 18 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 III 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 that was 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.
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GROUP 2 INFORMATION
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 Parry sailed for
the Northwest Passage in 1819, he carried Donkin’s provisions,
which again proved eminently satisfactory.
As people and goods were being transported across all
parts of the world, the can industry itself was growing in new
territories. Englishmen who immigrated to America brought
their newfound knowledge with them. One of these 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 time and
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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GROUP 3 INFORMATION
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 prewar annual output of 5 million cans to 30 million
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.
In 1900, the “sanitary” can was developed in Europe. Its ends
were attached using what is called a double seam. This meant
that the edges of the can walls (or body) and end were folded
together, then folded again to form a strong seal. The double
seam permitted greatly increased manufacturing speeds and
removed the soot of soldering from can making and packaging
plants.
True production progress in can making began in the early
1920s, when American engineers perfected the body making
process. New methods soon increased production of cans to
as many as 250 a minute.
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GROUP 4 INFORMATION
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.
The goal of packaging is to deliver its product in a safe, efficient
manner using minimal resources. This business practice
extended to the coatings industry encouraging this industry to
achieve new water-based organic coatings to extend shelf-life
and serve as a liner or protective barrier between the container
and the product. Coatings can handle mildly acidic, relatively
non-corrosive contact with acidic foods, including carbonic,
citric and phosphoric in soft drinks. Other benefits of coating
advances include preventing off-flavors, color changes and
leakage.
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 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.
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GROUP 5 INFORMATION
THE INVENTION OF THE ALUMINUM CAN
Beverage cans made from aluminum were first marketed 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 seamless 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 beverage can, but it
was never fully accepted by brewers and soft drink bottlers. By
1985, the aluminum can became the dominant package in the
beverage market in the United States.
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 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.
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 product package.
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GROUP 6 INFORMATION
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 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
and less energy.
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.
By the 1980s and 1990s,
70
recycling had become a
62.8
62.1
60
way of life. The recycling
59.5
infrastructure had matured 50
55
53.4
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and aluminum cans
33.3
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became even more
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valuable as evidenced
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by the steady increases
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in the aluminum can
0
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recycling rate. Aluminum
Aluminum Can Recycling Record
can recycling has become a
1972–2002 Billions of cans recycled
billion-dollar business and
one of the world’s most successful environmental enterprises.
Over the years, the aluminum can has come to be known as
America’s most recyclable package, with over 55 percent of cans
being recycled annually.
Aluminum can recycling is praised by environmentalists and
government officials alike. Today, consumers are helping to
divert more than 2 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 in 2003 alone were enough to light a city the
size of Pittsburgh for six years!
24

Thanks to developments in the can-making process,
manufacturing new cans from used aluminum cans makes
good economic sense. An average of half 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. That means
that a consumer could purchase basically the same recycled can
from a store every nine weeks, or almost six times a year.
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 56 percent improvement. Even the can ends have been
made lighter: The old ends weighed about 8.12 pounds per
thousand; now they weigh a mere 6.07 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 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. A coast-to-coast
network of more than 10,000 buy-back locations cooperating
with more than 9,700 cities and counties with curbside collection
makes recycling easy. Consumers and their communities have
found value in aluminum cans with proceeds of nearly a
$1 billion paid annually for their recycling. Turning beverage
cans into cash by recycling cans is easy, good for the environment,
and a profitable fundraiser where the sky is the limit. Plus,
there is no selling and all the proceeds go directly to your group.
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CAN SWAT
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BACKGROUND:

This lesson serves as an
introduction to many of
the vocabulary words that
are used throughout this
curriculum packet. Students
will benefit from the background knowledge gained
in understanding the words
and their uses.

GOAL:
Students will define and
learn many aluminum
industry-related vocabulary
words.
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MATERIALS:

(FOR A CLASS OF 30)
• 6 Fly swatters
• Projection system,
butcher paper or large
white board
• Marker
• Dictionaries or Internet
access
• 30 Copies of Can Swat
Student Grid
• 6 Copies of Can Swat
Game Rules

TIME REQUIRED:
45–60 minute period

OBJECTIVES:
Students will…
• Define vocabulary
words.
• Use vocabulary words
in a sentence.
• Work in teams.

STANDARDS MET:
LA3, LA4, LA5, LA6
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PROCEDURE
PREP

ASSESSMENT
• Students
complete the
Can Swat
Student Grid.
• Participation in
Can Swat Game.
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• Prepare butcher paper, overhead or white board with
written vocabulary words from the Can Swat Student Grid.
Write some words on a slant so that it makes it more
difficult for game participants to find words.
• The ‘game board’ should be displayed on the wall and
should be very large so students can see it from a distance.
• Cover up words prior to class and uncover when students
are ready to play the game.

IN CLASS
• Explain to students that they will be learning some of the
important vocabulary relating to recycling and aluminum
beverage cans today.
• Explain that at the end of class, students will compete in
teams to see who has learned the vocabulary definitions.
• Hand out the Can Swat Student Grid and review the example.
• Hand out dictionaries (or provide Internet access) and
allow students to work in groups of 2 or 3.
• Give students ample time to complete the student grid.
• When all students have completed the grid, review
definitions.
• Explain that they will now participate in a challenge to
measure their understanding of the vocabulary words.
• Combine groups to make only 2 or 3 total groups.
• Hand out one Can Swat Game Rules to each group and
review.
• Give each group a fly swatter and ask them to prepare for
the first clue.
• Each group picks one person per round to participate. This
person goes to the starting line with the fly swatter, back to
the board, so as not to see the words.
• Display game board on the wall to participant.
• When each team has picked a participant, read one of the
word definitions from the Can Swat Teacher Grid. Students
then must put their fly swatter on the corresponding
vocabulary word and hold it there. The first student to put
their fly swatter on the correct word earns their team 10 points.
• Rotate through team members until each student has
played one turn.
• Tally scores.
• Review the information with students when the game is
completed. Ask students which words were new to them.

Name: ___________________________________________________ Date: _____________________________
Directions: Define the following vocabulary words relating to the aluminum beverage can.

WORD

DEFINITION

USE IN A SENTENCE

Ex: Aluminum

A silver-white metal that is ductile and malleable and
conducts heat and electricity. This metal is the most
abundant metal in the earth’s crust.

Aluminum is used to make many everyday items
such as beverage cans, cookware, car parts,
construction hardware and electrical wire.

Recyclable
Steel
Natural Packaging
Ingot
Recycling
Non-renewable Resource
Biodegradable
Landfill
Bauxite Ore
Closed-loop Recycling
Compost
Magnetism
Precycling/Lightweighting
Chilling
Recycled Content
Cycle
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Directions: Define the following vocabulary words relating to the aluminum beverage can.

WORD

DEFINITION

USE IN A SENTENCE

Ex: Aluminum

A silver-white metal that is ductile and malleable and conducts
heat and electricity. This metal is the most abundant metal
in the earth’s crust.

Answers Vary

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.

Answers Vary

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.)

Answers Vary

Natural Packaging

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

Answers Vary

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.

Answers Vary

Recycling

The collection of materials for reuse or for refabrication
into new materials.

Answers Vary

Non-renewable Resource

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 non-renewable.

Answers Vary

Biodegradable

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

Answers Vary

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.

Answers Vary

Bauxite Ore

A mixture of hydrated aluminum oxides usually containing oxides
of iron and silicon. Bauxite is claylike, 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.

Answers Vary

Closed-loop Recycling

Taking an old product and turning it into a new product
of the same kind.

Answers Vary

Compost

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

Answers Vary

Magnetism

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

Answers Vary

Precycling/Lightweighting

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

Answers Vary

Chilling

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

Answers Vary

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.

Answers Vary

Cycle

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

Answers Vary
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CAN SWAT GAME RULES
Your teacher will divide you into teams. Each group will vie for
points in the Can Swat game. Follow the guidelines below to
successfully play the game.
• Each team sends one person to the game board displayed
on the wall. This person must have a fly swatter.
• A vocabulary word definition will be read aloud to all team
participants.
• The reader will say “GO!”
• Participants must then place and hold their fly swatter on
the correct, corresponding vocabulary word.
• Team members not at the game board cannot say anything
to help their teammate.
• If the correct vocabulary word is not ‘swatted’ by any
participant, they must all sit down and send a new team
member to the board.
• The first participant to place their fly swatter on the correct
vocabulary word earns their team 10 points.
• The participants return to their teams.
• A new participant from each team receives the
fly swatter and heads to the game board. Repeat
the procedure above.
• At the end of the game, the team with the most
points wins.

33

34

PACKAGING PROPERTIES

GOAL:
Through lab experiments,
students investigate various
packaging materials to
learn the properties of
each and to distinguish
aluminum as a highly
recyclable material.

OBJECTIVES:
Students will…
• Observe and infer
why aluminum is a
commonly used metal.
• Complete experiments
to investigate the
properties of several
packaging materials,
with an emphasis
on the properties of
aluminum.

• Demonstrate how
aluminum cans can be
separated at a material
recovery facility based
on the discoveries of
their investigations.

TIME REQUIRED:
Five, 45–60 minute periods

STANDARDS MET:
S1, S2, S3, S6, S7, LA4,
LA6, LA7
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BACKGROUND:
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Aluminum is the metal of choice for anything from packaging
to construction needs. Aluminum is strong, lightweight, quickchilling, and flexible, which makes it an ideal metal. Below is a
list of properties that make aluminum a metal that is highly
useable and recyclable:
• Aluminum is durable and light; its density is only one-third
that of steel.
• Aluminum is resistant to weather, common atmospheric
gases, and a wide range of liquids.
• Aluminum can be used in contact with a wide range of
beverages and foodstuffs.
• Aluminum has a high reflectivity and, therefore, supports
more decorative uses.
• Aluminum alloys can equal or even exceed the strength of
normal construction steel.
• Aluminum has high elasticity, which is an advantage
in accommodating internal can pressures created by
carbonation.
• Aluminum keeps its toughness down to very low
temperatures, without becoming brittle like carbon steels.
• Aluminum is easily worked and formed; it can be rolled
to very thin sheet.
• Aluminum conducts electricity and heat nearly as well
as copper.
• Corrosion Resistant: Natural oxide coating reduces
corrosion.
• Not Absorbent: Will not absorb water or other liquids.
• Opaque: Transmits no light. No ultraviolet rays enter and
the product stays fresh longer.
• Non-Soluble: Will not combine with foods and other
substances.
• Tasteless, Odorless: Imparts no detectable taste or odor
to products.
• Hygienic: Sterile when heat-treated in production. Smooth
metallic surface sheds most of the contaminants and
moisture of sterilization.
• Non-Magnetic: Provides excellent non-magnetic shielding.
• Good Conductor: Good for sealing by heat and induction.
Another quality of aluminum is that it is efficient to recycle,
since it maintains its quality. Using a recycled source of
aluminum (secondary) requires around 95% less energy than
products made from primary aluminum. Primary aluminum
is made from bauxite. In most communities that pick up
recyclables at the curb, all metal cans, acceptable plastics and
glass are put in one bag or bin. The recyclables are co-mingled.
At the material recover facility (MRF) the aluminum and
other recyclables are separated from one another. Once the
aluminum is separated, it is baled and sent to a smelter to be
manufactured into new cans or new products.
Information from: http://www.aluminum.org

MATERIALS:

(FOR EACH LAB GROUP OF 4 STUDENTS)
• 4 Packaging Properties Student Data Sheets
• 4 Density Lab Student Sheets
• 4 Corrosive Properties Lab Student Sheets
• 4 Conductive Properties Lab Student Sheets
• 4 Thermal Properties Lab Student Sheets
• 4 Glass containers (such as small juice size)
• 4 Styrofoam containers
• 4 Aluminum cans
• 4 Steel cans
• 4 PET (polyethyleneterephthalate) bottles coded as #1
for recycling (such as small juice container)
• 1 - 500 ml beaker
• 1 Balance or scale
• 1 Magnet
• 1 Pair of heavy-duty scissors or tin snips
• 4 Pairs of safety goggles
• 4 Pairs of latex gloves
• 1 Small shop towel
• 2 D-cell batteries
• 1 Flashlight bulb
• 1 Bulb holder
• 1 Meter of small gauge wire
• 1 Piece of coarse grit sandpaper
• 6 Cans of cola
• 2 Thermometers (mercury-free is best)
• 1 Hot plate
• 1 Hot pad
• 2 Cups of ice
• 1 Stopwatch
• 1 8x11 sheet of aluminum foil
• Graph paper
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PROCEDURE
DAY ONE
OPTIONAL:
• Set the scene with students. Each lab group owns a recycling
center. In order to effectively separate materials to be recycled,
they must create a new system.
• Explain that over the next few days, you will give them the
opportunity to collect data to create the system.
• Review the Extension Activity described at the end of the
lesson plan for more information.
OR:
• Explain to students that they will be investigating the
properties of a variety of packaging materials.
• Explain that students will keep a record of their findings
to be summarized at the end of the labs.
QUALITATIVE/QUANTITATIVE OBSERVATIONS
• Ask students to get into lab groups. Hand out a PET,
Styrofoam, aluminum, glass and steel container to each
lab group.
• Hand out a Student Data Sheet for each student. Explain to
students that they will determine similarities and differences
between packaging materials. The Student Data Sheet will
be used over the next few days. Students should keep it in
a safe place to record data.
• Ask students to brainstorm a list with as many observations
as they can for each item. They should group observations
according to:
Quantitative observations—those involving numbers and
measurements.
Qualitative observations—those involving physical properties
of each item.
• After students have listed observations, review them with
the entire class. Ask students to list the most common
observations on their Student Data Sheets for each item.
• Use this as the springboard to the labs for the week.
Explain to students that they will now be investigating
other properties of their containers. What characteristic
or trait of the five that will be studied (magnetism, density,
conductivity, thermal, corrosiveness) differentiates one
package from another?
• Begin the magnetism lab.
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MAGNETISM
• Ask students to hypothesize what magnetism is and which
materials are magnetic. What makes something magnetic?
• Hand out magnets to each group. Allow students to
experiment with magnetism and their containers.
• Ask students to test each container with a magnet to
determine its magnetic properties and to classify it as a
ferrous or non-ferrous metal.
Ferrous: Composed of or containing iron. A ferrous metal exhibits
magnetic characteristics.

• Students should write all observations on their Student
Data Sheets.
• Discuss findings with entire class. Which containers were
magnetic? Why?
OPTIONAL: How has this data helped in the design of your
new recycling separation system?

DAY TWO
CORROSIVE PROPERTIES—This is a multi-day lab that could
possibly be combined with another lab to save time.
• Review the scenario with students. Remind them that today
they will do another experiment to gather data for their
recycling plant’s new separation design.
• Ask students to get into lab groups and go to a lab station.
• Review the concept of corrosiveness. How is it measured?
Why might it be important to know the corrosiveness of
the packaging materials?
• Hand out copies of the Corrosive Properties Lab Sheet and a
set of materials (as listed on the sheet) to each lab group.
• Review safety and lab procedures with students. They will
be finding the corrosiveness of each type of container
material in this lab.
OPTIONAL: How has this data helped in the design of your
new recycling separation system?

DAY THREE
CONDUCTIVE PROPERTIES
• Explain that students will be investigating the conductivity
of the packaging materials they have been studying this
week.
• Ask students to get into lab groups and go to a lab station.
• Discuss the concept of conductivity. Why are we investigating
this property? How might it help in their separation
technology designs?
• Hand out copies of the Conductive Properties Lab Student
Sheet and a set of materials (as listed on the sheet) to each
lab group.
• Review safety and lab procedures with students. They
will be finding the conductivity of each type of container
material in this lab.
• At the end of the class period, review results with students.
What material was the most conductive? The least conductive?
Why?
OPTIONAL: How has this data helped in the design of your
new recycling separation system?

DAY FOUR
THERMAL PROPERTIES
• Explain that students will be investigating the thermal
properties of the packaging materials they have been
studying this week.
• Ask students to get into lab groups and go to a lab station.
• Discuss concepts of thermal properties. Why are we
investigating this? How might it help in their separation
technology designs?
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• Hand out copies of the Thermal Properties Lab Sheet and
a set of materials (as listed on the sheet) to each lab group.
• Review safety and lab procedures with students. They will
be finding the thermal properties of each type of container
material in this lab.
• At the end of the class period, review results with students.
Which material had the best insulation and which had the
worst?
OPTIONAL: How has this data helped in the design of your
new recycling separation system?

ASSESSMENT
• Completed lab
sheets for each
of the labs.
• Participation in
the final class
discussion.

DAY FIVE
DENSITY
• Ask students to get into lab groups and go to a lab station.
• Review the concept of density. How is it measured? Why
might it be important to know the density of the packaging
materials?
• Hand out copies of the Density Lab Sheet and a set of
materials (as listed on the sheet) to each lab group.
• Review safety and lab procedures with students. They will
be finding the density of each type of container material in
this lab.
• At the end of the class period, review results with students.
What material was the densest? The least dense?
OPTIONAL: How has this data helped in the design of your
new recycling separation system?

WRAP UP
• Ask students to get out their completed Student Data Sheet.
• Review findings. Begin a class discussion that compares the
different types of packaging. Some question ideas: What
type of packaging has properties that enhance the product?
What type of packaging is environmentally friendly? What
type of packaging is highly usable?
• Specifically, discuss the benefits of aluminum. Ask students
the following questions:
1. Why is aluminum good for transportation?
Lightweight, more fuel-efficient and improves safety
and rigidity.
In the form of a can, aluminum offers “stackability” and
cube efficiency makes cans the best container for shipping
and storing.
2. Why is aluminum good for packaging, construction and
building?
Strength, durability, corrosion resistance and recyclability.
3. Why is aluminum preferred for drink packaging?
Aluminum provides optimal protection properties by offering
an impermeable metal barrier to light, ultra-violet rays,
water vapor, oils and fats, oxygen and micro-organisms. It is
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non-corrosive, anti-rusting, impermeable, formable, hygienic,
non-soluble. It retains the product’s flavor, keeping the contents
fresh, thus guaranteeing a long shelf-life. Aluminum provides
good transfer for color graphics on a can’s 360 degree label
viewing surface. Beverages in cans hold carbonation longer.
They are unbreakable and provide tamper-evident security.
4. Why might it be efficient to recycle aluminum cans?
The closed-loop process of turning a can into a can with no
loss in quality represents recycling at its finest. Aluminum
can be re-melted and manufactured into a new can or a new
aluminum product over and over again without losing its
strength or quality. Aluminum cans are the most valuable
and recyclable package, with recycling proceeds invested into
local economies benefiting individuals, schools, municipalities,
and organizations.
OPTIONAL: Allow students time to work on their design for
their separation technology with all of the data they collected.
Ask students to draw their design and then present it to the
class. They need to describe their design and justify choices.

EXTENSION
• Use the findings from the Student Data Sheet to discuss the
properties of aluminum and other types of containers.
• Use this information to examine how a recycling center
works.
• Ask students to get into lab groups. Students then will
design a device to simulate separation technologies that
might be found at a material recovery facility or recycling
sorting center.
• Have each group take a different recyclable (steel can, glass
bottle or PET bottle) and create a way to separate if from an
aluminum can. This would simulate the actions happening
at a recycling center. Explain the concept of eddy currents
for separating recyclables.
• Allow students time to design their new separation
technology based on their findings in the previous labs.
• Upon completion, groups should demonstrate their
separation technologies to the rest of the class.
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CORROSIVE PROPERTIES LAB

Name: ___________________________________________________ Date: _____________________________
Directions: Follow the lab procedures below to determine the corrosiveness of each type of container.

MATERIALS:
• 5 Container samples: Glass, Aluminum, PET bottle, Steel, and Styrofoam
• 6 Cans of cola
• 1 - 500 ml beaker
• 1 Balance or scale
• 1 Pair of heavy-duty scissors or tin snips
• 1 Steel nail (not galvanized)

PROCEDURE:
NOTE: You will be working with sharp objects in this lab. BE SURE to follow safety guidelines outlined
by your teacher.
1. Check the materials list above to be sure your station has what it needs.
2. Cut a section out of the aluminum container. Make sure that the piece you cut will fit inside the cola
can. Make the sample as large as you can.
3. Using a balance, record the starting mass of the piece of aluminum container on the Corrosive
Properties Lab Student Data Table.
4. Place the piece of aluminum inside of the cola can and leave inside for 24 hours.
5. The next day pour the cola into the 500 ml beaker and remove the piece of aluminum can. Pour
the cola back into the aluminum can after the sample has been removed.
6. Place the piece of aluminum on the balance and record the mass on the data table in the Day 1
column.
7. Repeat steps 4–6 for the piece of aluminum for three more days.
8. Repeat steps 2–7 for the five other materials (glass, steel, PET bottle, Styrofoam, and steel nail).
*Note—If enough cola cans are available, all five materials can be tested at the same time.
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CORROSIVE PROPERTIES LAB

Name: ___________________________________________________ Date: _____________________________
Record your data in the table below.

MATERIALS

STARTING
MASS (g)

DAY 1
MASS (g)

DAY 2
MASS (g)

DAY 3
MASS (g)

DAY 4
MASS (g)

Aluminum
PET Bottle
Steel
Styrofoam
Steel Nail
Glass

CONCLUSION
1. Rank the containers from 1 to 5: 1 being the sample that has lost the most mass (g) and 5 being the
sample that has lost the least mass.

2. Is this an important test to consider when choosing what type of container to store something in?
Explain your answer.

3. Create a line graph of the information on the data table (material vs. mass). Incorporate all six materials
into one graph.

4. If this test were run for a total of 12 days, predict the mass of each material. Hint—extrapolate the
information from your line graph to make an accurate prediction.
Aluminum:________________
PET bottle: ________________
Steel: ____________________
Styrofoam: ________________
Steel nail: ________________
Glass: ____________________
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TEACHER KEY

CORROSIVE PROPERTIES LAB

Name: ___________________________________________________ Date: _____________________________
Record your data in the table below.

MATERIALS

STARTING
MASS (g)

DAY 1
MASS (g)

DAY 2
MASS (g)

DAY 3
MASS (g)

DAY 4
MASS (g)

Aluminum

Varies

Varies

Varies

Varies

Varies

PET Bottle

Varies

Varies

Varies

Varies

Varies

Steel

Varies

Varies

Varies

Varies

Varies

Styrofoam

Varies

Varies

Varies

Varies

Varies

Steel Nail

Varies

Varies

Varies

Varies

Varies

Glass

Varies

Varies

Varies

Varies

Varies

CONCLUSION
1. Rank the containers from 1 to 5: 1 being the sample that has lost the most mass (g) and 5 being the
sample that has lost the least mass.
Answers should be supported from data table.
2. Is this an important test to consider when choosing what type of container to store something in?
Explain your answer.
Answers will vary.
3. Create a line graph of the information on the data table (material vs. mass). Incorporate all six materials
into one graph.
Answers will vary.
4. If this test were run for a total of 12 days, predict the mass of each material. Hint—extrapolate the
information from your line graph to make an accurate prediction.
Answers should be supported from graph.
Aluminum:________________
PET bottle: ________________
Steel: ____________________
Styrofoam: ________________
Steel nail: ________________
Glass: ____________________
44

CONDUCTIVE PROPERTIES LAB

Name: ___________________________________________________ Date: _____________________________
Directions: Measure the degree of conductivity for different materials by determining the distance two wires can be separated
before the bulb no longer glows.

MATERIALS:
• 1 Glass container
• 1 D-cell battery
• 1 Bulb holder
• 1 PET bottle
• 1 Aluminum can
• 1 Meter of small gauge wire

• 1 Sheet of coarse grit sandpaper
• 1 Styrofoam container
• 1 Steel can
• 1 Flashlight bulb
• 1 Ruler
• Safety goggles

PROCEDURE:
NOTE: BE SURE to follow safety guidelines outlined by your teacher.
1. Construct the testing device by attaching the D-cell battery to a bulb holder with wire. See Figure 1
below for an example.
Bulb

Bulb Holder

FIGURE 1

Wire
Wire

Material being tested
Battery
Wire

2. Test the circuit by touching the two bare wire ends together. When working properly, the flashlight
bulb should light. Note: Make sure that the insulation is removed from the end of the wire. Some
bare wires are coated with a sealant and need to be slightly stripped to create a proper circuit.
3. Prepare the aluminum can to be tested by using the sandpaper to rough up an area lengthwise across
the container. The sandpaper will remove any paint (lithography) or sealant that is on the outer
surface of the container.
4. Using a ruler, mark 1 cm increments along the sanded surface of the aluminum can. See Figure 2.
Centimeter markings
Aluminum can

FIGURE 2
Sanded surface

5. To test the aluminum can, place one of the wire ends at the 0 cm mark. Then place the other wire
next to it, but do not let the two wires touch.
6. If the bulb does not light, the material is not conductive. Record this on the Conductive Properties
Student Data Table.
7. If the bulb does light, slowly slide one of the wire ends down the sanded surface until the light bulb
is no longer glowing. Record this distance on the data sheet.
8. Repeat steps 2–7 for the other four materials (glass, steel, PET bottle, Styrofoam).
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CONDUCTIVE PROPERTIES LAB

Name: ___________________________________________________ Date: _____________________________

TYPE OF CONTAINER

WAS THE BULB LIT AT A
DISTANCE OF 0 cm? (Y/N)

FURTHEST DISTANCE THAT
THE BULB STAYED LIT

Aluminum
Steel
Styrofoam
PET Bottle
Glass

DATA ANALYSIS AND CONCLUSION
1. Which materials had the bulb lit at a distance of 0 cm?

2. What material kept the bulb lit for the furthest distance?

3. Explain why you think that this material is the most conductive.

4. Rank the types of containers in order: 1 being the most conductive and 5 being the least conductive.
MOST 1. ________________________________
2. ________________________________
3. ________________________________
4. ________________________________
LEAST 5. ________________________________
5. How did you decide on the order of the materials (from question 4) that did not light the bulb?

6. How does the coating of paint or sealant on the container affect its conductivity?

7. Do you think that there is a difference in the conductivity between the outside and inside of the containers?
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TEACHER KEY

CONDUCTIVE PROPERTIES LAB

TYPE OF CONTAINER

WAS THE BULB LIT AT A
DISTANCE OF 0 cm? (Y/N)

FURTHEST DISTANCE THAT
THE BULB STAYED LIT

Aluminum

Yes

Varies

Steel

Yes

Varies

Styrofoam

No

0

PET Bottle

No

0

Glass

No

0

DATA ANALYSIS AND CONCLUSION
1. Which materials had the bulb lit at a distance of 0 cm?
Steel and aluminum
2. What material kept the bulb lit for the furthest distance?
Aluminum
3. Explain why you think that this material is the most conductive.
Answers will vary.
4. Rank the types of containers in order: 1 being the most conductive and 5 being the least conductive.
Answers will vary but close to: 1-Aluminum, 2-Steel, 3-Glass, 4-PET Bottle, 5-Styrofoam
5. How did you decide on the order of the materials (from question 4) that did not light the bulb?
Answers will vary.
6. How does the coating of paint or sealant on the container affect its conductivity?
The urethane coating on the inside and paint on the outside reduce the conductive properties.
7. Do you think that there is a difference in the conductivity between the outside and inside of the containers?
Yes, some containers have a coating only on the inside of the container.
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THERMAL PROPERTIES LAB

Name: ___________________________________________________ Date: _____________________________
Directions: Follow the lab directions below to determine which container has the best thermal properties with hot and cold liquids.

MATERIALS:
• 5 Container samples: Glass, Aluminum, PET bottle, Steel, Styrofoam
• 1 Thermometer
• 1 Hot plate
• 1 Hot pad
• Ice
• 1 Stopwatch
• 8" x 11" piece of aluminum foil
• 1 - 500 ml beaker
• 2 Sheets of graph paper
• Safety goggles

PROCEDURE:
NOTE: You will be working with high temperatures in this lab. BE SURE to follow safety guidelines
outlined by your teacher.
1. Check the materials list above to be sure your station has what it needs.
2. Measure 200 ml of water in the beaker.
3. Use the hot plate to boil the water.
4. Once boiled, record the temperature of the water on the data sheet in the “0 min.” column for
hot water.
5. Using a hot pad to lift the hot beaker, pour 150 ml of the hot water into the aluminum can.
6. Place the thermometer inside the aluminum can. *Note—make sure that the end of the thermometer is
not touching the bottom of the can.
7. Seal the opening of the aluminum can with a piece of aluminum foil.
8. Record the temperature of the hot water on the data sheet at 1-minute intervals for a total of
8 minutes.
9. Discard the hot water and rinse the beaker with cold water.
10. Place ice and water into the 500 ml beaker. Allow the water to cool for 5 minutes.
11. Record the temperature of the cold water on the data sheet in the “0 min.” column for cold water.
12. Then pour 150 ml of cold water into the aluminum can.
13. Place the thermometer inside the can. *Note—make sure that the end of the thermometer is not touching
the bottom of the can.
14. Seal the opening with a piece of aluminum foil.
15. Record the temperature of the cold water on the data sheet at 1-minute intervals for a total of
8 minutes.
16. Discard the cold water.
17. Repeat steps 2–16 for the other four types of containers (Styrofoam, PET bottle, glass, steel).

48

THERMAL PROPERTIES LAB

Name: ___________________________________________________ Date: _____________________________

ANSWER THE FOLLOWING QUESTIONS:
1. Use your two sheets of graph paper and the information from your data table to construct two line
graphs. One graph will be for the hot water data (material vs. temperature) and the other will be for
the cold water data (material vs. temperature).

2. Which container was the best insulator and which container was the worst insulator?

3. Predict the hot and cold temperatures for each container if the testing continued for a total of
30 minutes. Hint: extrapolate the information on your graphs to the 30-minute time period.
Aluminum (cold): __________________________

Aluminum (hot): __________________________

PET bottle (cold): __________________________

PET bottle (hot): __________________________

Styrofoam (cold): __________________________

Styrofoam (hot): __________________________

Glass (cold): ______________________________

Glass (hot): ______________________________

Steel (cold): ________________________________

Steel (hot): ______________________________

4. How important is the insulating property of containers for distribution statewide? Nationwide? Why?
Should considerations such as seasonal changes in temperature, humidity or altitude be factored in
your distribution system for filled beverage cans? If so, why?
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Steel

Glass

Styrofoam

PET Bottle

Aluminum

MATERIAL

Cold

Hot

Cold

Hot

Cold

Hot

Cold

Hot

Cold

Hot

WATER

TEMP.
0 MIN.

TEMP.
1 MIN.

TEMP.
2 MIN.

TEMP.
3 MIN.

TEMP.
4 MIN.

THERMAL PROPERTIES LAB

TEMP.
5 MIN.

TEMP.
6 MIN.

TEMP.
7 MIN.

TEMP.
8 MIN.

TEACHER KEY

THERMAL PROPERTIES LAB

Name: ___________________________________________________ Date: _____________________________

ANSWER THE FOLLOWING QUESTIONS:
1. Use your two sheets of graph paper and the information from your data table to construct two line
graphs. One graph will be for the hot water data (material vs. temperature) and the other will be for
the cold water data (material vs. temperature).
Answers will vary.

2. Which container was the best insulator and which container was the worst insulator?
Best—Styrofoam; Worst—aluminum

3. Predict the hot and cold temperatures for each container if the testing continued for a total of
30 minutes. Hint: extrapolate the information on your graphs to the 30-minute time period.
Answers should be supported from graphs
Aluminum (cold): __________________________
Aluminum (hot): __________________________
PET bottle (cold): __________________________

PET bottle (hot): __________________________

Styrofoam (cold): __________________________

Styrofoam (hot): __________________________

Glass (cold): ______________________________

Glass (hot): ______________________________

Steel (cold): ________________________________

Steel (hot): ______________________________

4. How important is the insulating property of containers for distribution statewide? Nationwide? Why?
Should considerations such as seasonal changes in temperature, humidity or altitude be factored in
your distribution system for filled beverage cans? If so, why?
Seasons: Will temperature affect the shelf life of the product? Will the sun’s rays penetrate the container’s
barrier and possibly reduce fizz? UV rays will not penetrate the metal nor affect the fizz. The can’s
ability to quick chill will bring it to the desired temperature for consumption faster than other beverage
containers.
Humidity: No. Aluminum cans are a non-ferrous metal and have no problems being exposed to moisture.
Altitude (Boyles Law): Temperature will be consistent.
Yes. If filled in Atlanta and transported to Denver, because of reduced atmospheric pressure in Denver,
the carbon dioxide will be released faster, with the impression that there is more fizz in Denver than in
Atlanta. Conversely, if the can was filled in Denver, the soda will seem flat in Atlanta because of the
increased atmospheric pressure. The can will not collapse. A PET container will collapse because it is
not as strong.
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Steel

Glass

Styrofoam

PET Bottle

Aluminum

MATERIAL

Cold

Hot

Cold

Hot

Cold

Hot

Cold

Hot

Cold

Hot

WATER

TEMP.
0 MIN.

TEMP.
1 MIN.

TEMP.
2 MIN.

TEMP.
3 MIN.

TEMP.
4 MIN.

THERMAL PROPERTIES LAB

All answers will vary according to each lab group.

TEACHER KEY

TEMP.
5 MIN.

TEMP.
6 MIN.

TEMP.
7 MIN.

TEMP.
8 MIN.

DENSITY LAB

Name: ___________________________________________________ Date: _____________________________
Directions: Compare the density of different recyclable containers following the directions below. Then, complete the data table
and questions.

MATERIALS PER LAB STATION:
• 1 Graduated cylinder
• 5 Container samples: Glass, Aluminum, PET bottle, Steel, Styrofoam
• Water
• 1 Balance or scale
• 1 Pair of heavy-duty scissors or tin snips
• 1 Small shop towel
• Safety goggles
• Gloves

PROCEDURE:
NOTE: You will be working with sharp objects in this lab. BE SURE to follow safety guidelines outlined by
your teacher.
1. Check the materials list above to be sure your station has what it needs.
2. Cut a sample of the aluminum container to just barely fit inside your graduated cylinder.
3. Place the aluminum sample on the balance and record its mass on the data table.
4. Fill the graduated cylinder with 50 ml of water.
5. Place the aluminum sample into the cylinder of water. Do not spill any of the water.
6. Read the level of the water displaced by the aluminum. Record the level of water with the aluminum
in it on the data table.
7. Calculate the volume of water displaced by the aluminum. To do this, subtract the volume of water
without the aluminum from the volume of water with the aluminum. Record the answer on the
data table.
8. Calculate the density of the aluminum with this formula:
Mass of sample
Density = ______________________________________
Volume of water displaced by the sample
Note: Density is expressed as g/cm3. One ml of water has a volume of 1 cm3.
9. Remove the water and sample from the graduated cylinder.
10. Repeat steps 2–9 with the other samples (glass, PET bottle, steel, Styrofoam).
NOTE: To break the glass container, wrap securely in the towel and step on it. Carefully, take one small
piece with NO jagged edges from the broken glass pile. Carefully wrap, tape and discard the rest of the
broken glass in the trash.
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DENSITY LAB

Name: ___________________________________________________ Date: _____________________________

ALUMINUM

GLASS

PET BOTTLE

STYROFOAM

STEEL

50

50

50

50

50

Mass of
Sample (g)
Volume of water
without sample (ml)
Volume of water
with sample (ml)
Volume of water
displaced (ml)
Volume of water
displaced (cm3)
Density (g/cm3)

DATA ANALYSIS AND CONCLUSION
1. If water has a density of 1 g/cm3, any items having a density greater than 1 g/cm3 will sink in water,
and any items with a density less than 1 g/cm3 will float. Which container samples will float? Which
container samples will sink?

2. Why won’t the procedure that you used work for any item that will float?

3. What did you do in order to read the displacement of the objects that floated?

4. Which item had the greatest density? The lowest density?

5. Does the shape or size of a sample affect its density?
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TEACHER KEY

DENSITY LAB

Name: ___________________________________________________ Date: _____________________________

ALUMINUM

GLASS

PET BOTTLE

STYROFOAM

STEEL

Mass of
Sample (g)

Varies

Varies

Varies

Varies

Varies

Volume of water
without sample (ml)

50

50

50

50

50

Volume of water
with sample (ml)

Varies

Varies

Varies

Varies

Varies

Volume of water
displaced (ml)

Varies

Varies

Varies

Varies

Varies

Volume of water
displaced (cm3)

Varies

Varies

Varies

Varies

Varies

Density (g/cm3)

More than 1

More than 1

Less than 1

Less than 1

Less than 1

DATA ANALYSIS AND CONCLUSION
1. If water has a density of 1 g/cm3, any items having a density greater than 1 g/cm3 will sink in water,
and any items with a density less than 1 g/cm3 will float. Which container samples will float? Which
container samples will sink?
Floating samples: PET bottle, Styrofoam. All the others will sink.

2. Why won’t the procedure that you used work for any item that will float?
Since it does not sink, it will not create displacement in the graduated cylinder.

3. What did you do in order to read the displacement of the objects that floated?
Answers will vary

4. Which item had the greatest density? The lowest density?
Answers will vary, should match above data table.
Highest—steel; Lowest—Styrofoam

5. Does the shape or size of a sample affect its density?
No, it is the same material no matter what the size or shape.
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Steel

PET Bottle

Styrofoam

Glass

Aluminum

MATERIALS

QUANTITATIVE
OBSERVATIONS

QUALITATIVE
OBSERVATIONS

MAGNETISM

DENSITY

CORROSIVE
MASS CHANGE

THERMAL
CHANGE HOT

Name: ___________________________________________________ Date: _____________________________

PACKAGING PROPERTIES

THERMAL
CHANGE COLD

CONDUCTIVITY
LENGTH

CAN A LOOP

GOAL:
To understand the life cycle
of an aluminum beverage
can and to investigate
closed-loop and incomplete
cycles.

OBJECTIVES:
Students will…
• Diagram the can cycle.
• Construct a model
closed-loop and
incomplete can cycle.
• Identify human impact
on the can cycle.

MATERIALS:

(FOR A CLASS OF 30)
• 2 Sets of Can A Loop
Cards
• 2 Balls of string or yarn
• Class set of Can A Loop
Student Diagram Sheets
• 1 Can A Loop Teacher
Can Cycle
• Transparencies of Can
A Loop Closed-Loop and
Incomplete Cycles
• Overhead projector
• 2 Inflatable globes of
the earth or similar
representation

TIME REQUIRED:
45–60 minute period

STANDARDS MET:
G5, S1, S7, LA4, LA12
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BACKGROUND:

Aluminum is used extensively in cars, airplanes, boats and
other vehicles because it is lightweight and strong and resists
corrosion. Because it does not react with acids, it is used for
food and beverage packaging. It can be rolled, stretched,
molded, 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 endlessly 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 looking for ways to use the leftover material and hope to
discover economical uses for this by-product. In comparison,
recycling aluminum saves about 95 percent of the energy needed
to make new aluminum from ore. In the recycling process,
aluminum is melted into ingots, which are later remelted and
formed into new products. Recycled aluminum also can be
melted directly into new products. The recycled aluminum
beverage can returns to the grocer’s shelf as a new, filled can
in as few as 60 days after collection.
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PROCEDURE
PREP
• Cut out Can A Loop Card sets 1 and 2. You might want to
laminate the cards to last longer.

IN CLASS
• Ask students to name different and familiar cycles.
Example cycles include: night and day, seasons, water cycle,
rock cycle.
• Choose one cycle and discuss the various steps in that cycle.
• Ask students to identify everyday items that might have
a life cycle. If it is not mentioned, ask students if the
aluminum can has a life cycle. Brainstorm the steps of the
life cycle of the aluminum can.
• Ask students to diagram what they think are the order and
steps of the can cycle.
• Once they have completed their diagrams, ask students how
recycling might affect their can cycle or how not recycling
might affect their can cycle.
• Explain to students that they will participate in an activity
that demonstrates the steps of the can cycle.
• Distribute the Can A Loop Cards and have students form
2 circles. Students with a 1 on the top of their card should
all form one circle; students with a 2 on the top of their
card should form a second circle.
• Ask students in each circle to raise their hand if they think
they have the first step in the can cycle.
• Have the students read their cards aloud.
• Refer to the Can A Loop Teacher Can Cycle Sheet for the
correct first step. Give the student with the correct first step
in each circle the yarn or string.
• Tell those students to hold the end of the string.
• Ask who has the second step in the can cycle for each circle.
Have those students read the card aloud. The student
holding the yarn should hold the end piece and gently
toss the rest to the student representing the second step.
• Continue this process until the can cycle is complete.
• Place a globe of the earth on each web.
• Explain that the students have created a closed-loop system
that acts like a web. It holds the world.
• Tell students that you just heard that Brazil had a strike at
one of its major bauxite mines.
• The student with the mining step should gently shake the
string.
• Ask students to raise their hands if they can feel the “earth
quake.” If they can feel the string move, this means that
they would be directly affected by the strike.
• Ask what other things could affect the cycle. Have the
students gently shake the string as you brainstorm.
• Tell students that unfortunately, can recycling rates have
dropped—not as many people are recycling.
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ASSESSMENT
• Completed Can
A Loop Student
Sheet and
correctly labeled
diagram of the
can cycle
• Participation in
the activity

• Cut the string by the students who held the recycling card for
each circle.
• The earth should fall because the web has been broken.
• Collect student cards as they return to their seats.
• Using the Can A Loop Closed-Loop transparency and Can A
Loop Incomplete Cycle transparency, review the can cycle and
define a closed-loop system vs. an incomplete system.
• Be sure to cover: Which steps in the cycle are considered
recycling? (Answer: Used beverage cans are collected
locally and baled or shredded, transported to the smelter,
smelted and poured into ingots.) If those steps were
removed, would the process still be a cycle? Why or Why
not? What step(s) would take their place? (Answer:
Cans thrown away; landfilled.) Lastly, use the aluminum
can pieces given with this collection of lessons to show
students how the can actually looks in each step of the
life cycle.
• Give students the Can A Loop Student Sheet and allow them
to answer the questions.

EXTENSION

• Have the students write a travel journal about the Journey of
a Can (the places/steps a can goes through from collection,
recycling, manufacturing, filling, and retail sales). The students
should write the travel journal from the can’s point of view.
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TEACHER CAN CYCLE
1. Bauxite is mined and shipped to refinery plant.
2. Bauxite is separated from alumina and refined into aluminum.
3. Aluminum is imported to the United States.
4. Consumers purchase and use aluminum beverage cans.
5. Consumers recycle cans at their local recycling facility.
6. Used Beverage Cans (UBCs) are collected and baled.
7. Bales of Used Beverage Cans are shredded and decoated.
8. Used Beverage Cans are smelted and mixed with new
aluminum.
9. Smelted material is poured into ingots.
10. Ingots are rolled into sheets called coils.
11. Coils are shipped to can manufacturing plants, pressed into
cups, and drawn and ironed to form bodies.
12. Can bodies are trimmed, cleaned, labeled, and stacked
on pallets.
13. Pallets of cans are sent to beverage companies for filling
and sealing.
14. Cans are transported to retailers.
15. Cans are sold to consumers.
(yarn or string should go back to #4)
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CAN A LOOP
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1
Bauxite is mined and
shipped to refinery plant.

1
Bauxite is separated
from alumina and refined
into aluminum.

1
Aluminum is imported
to the United States.

1
Consumers purchase and use
aluminum beverage cans.

1
Consumers recycle cans
at their local recycling
facility or curbside.

1
Used Beverage Cans are
collected and baled.

1
Bales of Used Beverage Cans
are shredded and decoated.

1
Used Beverage Cans are
smelted and mixed with
new aluminum.

1
Combined recycled material
is poured into ingots.

1
Ingots are rolled into
sheets called coils.

1
Coils are shipped to can
manufacturing plants,
pressed into cups, and drawn
and ironed to form bodies.

1
Can bodies are trimmed,
cleaned, lithographed,
and stacked on pallets.

1
Pallets of new cans and
can ends are sent to bottlers
for filling.

1
Filled beverage cans are
transported to retailers.

1
Cans are sold to consumers.

CAN A LOOP

2
Bauxite is mined and shipped
to refinery plant.

2
Bauxite is separated from
alumina and refined
into aluminum.

2
Aluminum is imported
to the United States.

2
Consumers purchase and use
aluminum beverage cans.

2
Consumers recycle cans
at their local recycling
facility or curbside.

2
Used Beverage Cans are
collected and baled.

2
Bales of Used Beverage Cans
are shredded and decoated.

2
Used Beverage Cans are
smelted and mixed with
new aluminum.

2
Combined recycled material
is poured into ingots.

2
Ingots are rolled into sheets
called coils.

2
Coils are shipped to can
manufacturing plants,
pressed into cups, and drawn
and ironed to form bodies.

2
Can bodies are trimmed,
cleaned, lithographed,
and stacked on pallets.

2
Pallets of new cans and can
ends are sent to bottlers
for filling.

2
Filled beverage cans are
transported to retailers.

2
Cans are sold to consumers.
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CAN A LOOP

Name: ___________________________________________________ Date: _____________________________
Directions: Draw or diagram what you think are the steps of the can cycle in the right order.
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CAN A LOOP

Name: ___________________________________________________ Date: _____________________________

1. Define a closed-loop cycle.

2. What are the advantages of a closed-loop cycle?

3. What can humans do to make the can cycle a closed-loop cycle?

4. What happens if one step of the can cycle disappears through natural disaster, social or political
impacts, financial constraints, etc.?

5. Change your diagram to reflect the complete can cycle. Label your can cycle as a closed-loop cycle
or incomplete cycle.
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CLOSED-LOOP CYCLE DIAGRAM

CLOSED-LOOP CYCLE DIAGRAM
Mine and ship bauxite to plant
Separate alumina from bauxite
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Purchase and consume
beverage/RECYCLE

Roll aluminum sheets

Transport filled cans to
retailers for sale

Ship sheets to can plants

Ship cans and can ends to
bottlers for filling

Manufacture aluminum
beverage cans

INCOMPLETE CYCLE DIAGRAM

INCOMPLETE CYCLE DIAGRAM
Mine and ship bauxite to plant
Separate alumina from bauxite

Purchase and consume
beverage, then throw
away can

Roll aluminum sheets

Transport filled cans to
retailers for sale

Ship sheets to can plants

Ship cans and can ends to
bottlers for filling

Manufacture aluminum
beverage cans
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TEACHER KEY

CAN A LOOP

Name: ___________________________________________________ Date: _____________________________

1. Define a closed-loop cycle.
A true closed-loop cycle is a system in which a particular material or part of a material is remanufactured
into the same product. When a product cannot be made into the same product, and the material is
recycled into a lesser product, this is called ‘downcycled,’ as is done with PET.
*Revised from Industrial Ecology by T.E. Gradel and B.R. Allenby

2. What are the advantages of a closed-loop cycle?
A true closed-loop cycle reuses products and recycles them back into the same product again and
again. The cycle reduces the need to mine materials, saves energy and other resources, and results in
less environmental degradation.

3. What can humans do to make the can cycle a closed-loop cycle?
Humans can recycle their beverage cans so they can be reused to make new cans. Humans can also
choose to use products that can be recycled.

4. What happens if one step of the can cycle disappears through natural disaster, social or political
impacts, financial constraints, etc.?
If one step of the can cycle is altered or goes away, manufacturers need to assess the situation and
determine the best course of action as it relates to their product, the environment, the consumer and
the business.

5. Change your diagram to reflect the complete can cycle. Label your can cycle as a closed-loop cycle
or incomplete cycle.
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TEACHER KEY

CAN A LOOP

Name: ___________________________________________________ Date: _____________________________
Directions: Draw or diagram what you think are the steps of the can cycle in the right order.

Hint: There are two right answers. Students could create a closed-loop can cycle, where the can is
recycled, or an incomplete can cycle, where the can is thrown away and ends up in the landfill. Both
are represented below.

CLOSED-LOOP CYCLE DIAGRAM
Mine and Ship bauxite to plant
Separate alumina from bauxite

Purchase and consume
beverage/RECYCLE

Roll aluminum sheets

Transport filled cans to
retailers for sale

Ship sheets to can plants

Ship cans and can ends to
bottlers for filling

Manufacture aluminum
beverage cans

INCOMPLETE CYCLE DIAGRAM
Mine and Ship bauxite to plant
Separate alumina from bauxite

Purchase and consume
beverage, then throw
away can

Roll aluminum sheets

Transport filled cans to
retailers for sale

Ship sheets to can plants

Ship cans and can ends to
bottlers for filling

Manufacture aluminum
beverage cans
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BAUXITE BEGINNINGS

BACKGROUND:

See the Teacher
Background Sheet for
complete information.

GOAL:
Students use an infrared
thermometer to measure
the simulated temperature
on the surface of various
countries to determine
possible bauxite mine
locations.

• Identify the simulated
minerals by measuring
the heat that is radiated
from them.
• Develop a color code
system to a world map.
• Create a key for their
map.
• Determine where the
majority of bauxite
mining takes place.

TIME REQUIRED:
45–60 minute period

OBJECTIVES:
Students will…
• Use an infrared
thermometer to
measure temperature
in degrees Celsius.
• Plot data on a grid.
• Interpret data by using
a chart.

STANDARDS MET:
G2, G5, G6, S1, S2, S6
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MATERIALS:

(FOR A CLASS OF 30)
• Class set of Bauxite Beginnings Process Diagram
• 1 transparency of Bauxite Beginnings Process Diagram
• Overhead projector
• Class set of Bauxite Beginnings World Map
• 1 Transparency of Bauxite Beginnings World Map (optional)
• 1 World map made from foam-core display board
(20 in. x 30 in.)
• Metal tacks
• 5–10 Packages of Hand Warmers™, available at local outdoor
stores or at www.grabberwarmers.com for approximately
$2.00/pack of two.
• 2 Props to hold up foam board with map
• 1 Roll of clear packaging tape
• Colored markers or pencils
• 1 Hand-held infrared thermometer (can be purchased from
companies such as Forestry Suppliers: Raytek® Raynger® MT2
and MT4 MiniTemp Hand-held Infrared Thermometers,
$79.00 at http://www.forestrysuppliers.com/product_pages/
view_catalog_page.asp?id=3051 or Menards: Oakton
WD-39642-00, $39.95)
• Class set of Bauxite Beginnings Student Direction Sheets
• Class set of Bauxite Beginnings Mineral Heat Emissions Chart
• Class set of Bauxite Beginnings Student Sheet
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PROCEDURE
OPTIONAL INTRODUCTION
If you want to set the mood for this lab, have “When You’re
Hot, You’re Hot” playing as the students are entering the room.
Tell the students that you have discovered a device that can
measure how “Hot” each of them is.
• Before class begins, tape some of the Hand Warmers™
packets to your mid-section. Make sure that they cannot
be seen through your shirt.
• Explain how an infrared thermometer works.
• Pick one student at a time and have them stand facing you.
• Point the infrared thermometer at his or her chest.
• Record the temperature of each student’s chest in When
You’re Hot, You’re Hot Data Table.
• Measure the temperature of your chest with the infrared
thermometer and record the temperature.
• Discuss what variable could affect the readings from the
thermometer.
Materials for Optional Introduction
• Hand Warmers™ pack (see above materials list)
• Jerry Reed’s CD—Super Hits—”When You’re Hot,
You’re Hot”
• CD player
• Infrared thermometer
• When You’re Hot, You’re Hot Data Table

PREP
• Project the map onto your foam board and copy the world
map onto the foam board to create a large map.
• On the back of the foam board, carefully trace the flip side
of the map.
• Approximately 5 minutes prior to class, tape the Hand
Warmers™ packets to the back side of the foam board on
the countries indicated on Bauxite Beginnings Back Template.
Only tape the sides of the Hand Warmers™ packets. They
must be exposed to air to heat up properly.
• You will notice that some of the countries are quite small
depending on the size you choose for your foam board and
map. In this case, a Hand Warmers™ packet will cover more
than the country where bauxite is present. You might want
to leave these countries blank and explain to students, at
the end of the activity, that these countries also have bauxite.
• Prop the foam board with the map facing the students and
the back facing the front of the classroom. Try not to let
students see where the Hand Warmers™ packets are taped
or that they are heating up the countries.
Safety Note: The infrared thermometer emits a low energy
laser beam for aiming and should never be pointed into
anyone’s eyes.
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IN CLASS

ASSESSMENT
• Students should
accurately
record data,
color-code their
maps, and
answer questions on the
student sheet.
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• Give each student a copy of Bauxite Beginnings Process
Diagram.
• Using the transparency, explain to students the process of
how bauxite becomes aluminum.
• Explain that certain minerals put off different heat levels
and that the class is going to use an infrared thermometer
to hunt for bauxite.
• Give each student a copy of Bauxite Beginnings World Map.
• Explain to students that one student from the class will
point the infrared thermometer at a country specified by
you. Remember to ask the student to stand at a distance
less than 2 feet from the foam board when measuring the
temperature. All measurements should be taken from the
same place.
• Students will need to record the temperature emitted from
that country on their map in the corresponding country.
(You may want to make a transparency of the world map
and write in the temperatures along with the students.)
• Have a different student point the infrared thermometer at
another country.
• Repeat this process until major countries have been
mapped.
• Students design a color key based on temperature and color
code their maps according to temperature.
• Give each student a copy of the Mineral Heat Emissions Chart.
• Use the Mineral Heat Emissions Chart to determine where
bauxite is found and where it is not.
• Give each student a copy of Bauxite Beginnings Student Sheet
and allow students to answer the questions.

TEACHER BACKGROUND INFORMATION
Aluminum is derived from the naturally occurring ore called
bauxite. It takes many steps for bauxite to become aluminum.
Bauxite is refined into alumina, which is electrochemically
reduced into aluminum in reduction cells or pots (Hall-Herault
process). The molten aluminum is then either cast into ingots
or bars; rolled into sheets, plates or foil; or drawn into rods.
These intermediate shapes are then shipped to processing
plants, which shape the aluminum into consumer products.

Sample of Bauxite: Aluminum ore,
called bauxite, is most commonly
formed in deeply weathered rocks.
In some locations, deeply weathered
volcanic rocks, usually basalt, form
bauxite deposits.

Bauxite consists of 45–60% aluminum oxide, 12–30% water,
and various other impurities. Bauxite is typically mined in
open-pits and either processed into alumina near the mining
operation or shipped to smelting markets around the world
for processing. Less than 1% of aluminum in the U.S. comes
from domestic bauxite. There are 300 aluminum plants operating
in 35 states. The United States is one of the largest consumers
and importers of bauxite in the world; however, there are no
significant deposits of bauxite in the U.S. The U.S. relies on
Guinea, Australia, Brazil and Jamaica to provide most of the
bauxite needed, which is processed and refined into aluminum.
Bauxite is converted to alumina using the Bayer process.
Bauxite is combined with caustic soda, lime, and steam to
produce a sodium aluminate liquor. Impurities are filtered or
settled out of the liquor and alumina hydrate is precipitated
out of the mixture. The alumina hydrate is calcined to remove
moisture and drive off the bonded water. The resulting alumina
is ready for smelting into aluminum.
Once bauxite is processed into aluminum, it than can be
used in this country or exported to other countries. In order for
the aluminum industry to function, the companies must be
able to import bauxite and export aluminum. The aluminum
industry along with most other businesses operate in a global
marketplace today.
Aluminum secondary smelting (scrap recycling) accounts for
approximately 33% of all primary aluminum produced in the
U.S. There are approximately 68 major secondary processing
plants in the U.S. These processing plants are typically located
near large urban areas, where large supplies of scrap aluminum
are available. Aluminum recycling and secondary smelting
requires preprocessing of the scrap aluminum to remove
impurities, followed by remelting of the aluminum. To
maintain sufficient purity, the remelted aluminum is mixed
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with pure aluminum produced in a primary smelting plant
(typically a 50-50 mix). Prior to melting, various mechanical,
thermal, chemical, and magnetic techniques are used to
separate contaminants and non-aluminum materials from the
scrap. In contrast to the electricity-intensive process of primary
aluminum smelting, melting of scrap to yield secondary
aluminum involves primarily natural gas usage.

Processing Bauxite
Smelting
Process

Holding and
Alloying Furnace

Mining Bauxite
Covered Hopper Cars to Reduction

Rolling Ingots

Smelting
Process
Siphon

Crucible

Trucks to
Foundry
Holding and
Alloying Furnace

Extrusion
Billets

Alloy Ingots

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 does not 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 looking for ways to use the leftover material
but so far have not found any uses that are economical.
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.
For more information, visit:
http://www.world-aluminum.org/production/index.html or
http://www.energysolutionscenter.org/HeatTreat/MetalsAdvisor/
aluminum/process_descriptions/bauxite_mining.htm
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PROCESS DIAGRAM
Aluminum ore is most commonly known as bauxite. Since
bauxite is not found in the United States, it must be imported
from other countries that have significant amounts to mine.
Bauxite is found in tropical areas that have aluminum-rich
rocks. There are also some deposits in Europe. Bauxite is created
by the tropical weathering of aluminum-rich rock, so it should
be found in tropical climates. Most aluminum-rich rock is near
the surface under the soil layer. Not all tropical countries
contain significant amounts of bauxite!
Bauxite is refined into aluminum oxide trihydrate (alumina)
and then electrolytically reduced into metallic aluminum.
Primary aluminum production facilities are located all over the
world. Two to three tons of bauxite are required to produce
one ton of alumina, and two tons of alumina are required to
produce one ton of aluminum metal.

Bauxite Mining

Alumina Refining

Recycling

Aluminum Smelting
Processing

Extrusion

Rolling

Casting
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Scale 1:134,000,000
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Boundary representation is
not necessarily authoritative
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BLACK COUNTRIES: Attach Hand Warmers™ packet — bauxite present
TAN COUNTRIES: Attach nothing — no bauxite present

TEACHER KEY

STUDENT DIRECTION SHEET
• Starting at the country designated by your teacher, one
student will point the infrared thermometer so that the
laser site is pointing to the center of the country.
• Take temperature readings from the designated distance
set by your teacher. It should not be more than 2 feet from
the map.
• Record the temperature that the infrared thermometer
measures in the corresponding country on your map.
• Different students will point the infrared thermometer so
that the laser site is pointing to the center of the country
designated by your teacher using a similar procedure until
several countries have been measured and recorded.
• Using the data obtained, shade or color the map with
colors representing the different temperatures obtained
(design your own key to color code the temperatures).
• Using the Mineral Heat Emissions Chart, determine whether
bauxite is present in each country.
• Answer the questions on the Bauxite Beginnings Student Sheet.
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BAUXITE BEGINNINGS
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Emission Range
Degrees Celsius

Possible Presence
of Bauxite

Below 0 – 25
degrees Celsius

No Bauxite Present

25 – 50
degrees Celsius

Large Amount of Bauxite Present;
Bauxite Mining Location

BAUXITE BEGINNINGS

Name: ___________________________________________________ Date: _____________________________
Directions: Answer the following questions using complete sentences.

1. Which countries mine bauxite?

2. Using the data you collected from this activity, from which country would you import bauxite if you
were making aluminum cans? Explain your answer.

3. What world events might affect the importing of bauxite?

4. How do you think aluminum can recycling affects bauxite mining? Why?
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TEACHER KEY

BAUXITE BEGINNINGS

Name: ___________________________________________________ Date: _____________________________
Directions: Answer the following questions using complete sentences.

1. Which countries mine bauxite?
Australia, Jamaica, Brazil, Guinea, Ghana, Venezuela, Guyana, Suriname, Russia, Greece, India

2. Using the data you collected from this activity, from which country would you import bauxite if you
were making aluminum cans? Explain your answer.
Answers will vary.

3. What world events might affect the importing of bauxite?
War, political unrest, natural disasters, terrorism, etc.

4. How do you think aluminum can recycling affects bauxite mining? Why?
Recycling aluminum beverage cans reduces the need for bauxite mining by reusing aluminum.

84

OPTIONAL INTRODUCTION

“WHEN YOU’RE HOT, YOU’RE HOT”

STUDENT’S NAME

TEMPERATURE
(CELSIUS)

STUDENT’S NAME

1.

16.

2.

17.

3.

18.

4.

19.

5.

20.

6.

21.

7.

22.

8.

23.

9.

24.

10.

25.

11.

26.

12.

27.

13.

28.

14.

29.

15.

30.

TEMPERATURE
(CELSIUS)
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CAN-O-NOMICS

OBJECTIVES:
Students will…
• Understand basic math
and accounting skills.
• Participate in a business
simulation.
• Learn how aluminum
cans are produced.
• Understand the cycle of
an aluminum can.
• Learn how recycling
affects the aluminum
can industry and the
environment.
• Incorporate environmental sustainability
into business plan.

TIME REQUIRED:
Two, 45–60 minute periods
(If time allows, this activity
can take up to one week to
complete; it is a great activity
to do with combined classrooms and other teachers!)

STANDARDS MET:
C3, E1, E2, E3, E4, E5,
E7, E8, E13, G5, M1, M2,
M3, LA4, LA5, LA7, LA11,
LA12
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BACKGROUND:

This activity incorporates several different aspects of the
aluminum can industry into a simulation. Students will work
in groups or ‘businesses’ to simulate the manufacturing process
of an aluminum can. As students step-up into their role in
management, they will be challenged to achieve environmental
sustainability taking into account the product, human resources
and the community. Review the background information on
aluminum can manufacturing that is provided.
When dividing students into groups, consider strengths and
weaknesses of each student in order to ensure success. The activity
appears to be complicated but illustrates the manufacturing
process in a clear, hands-on manner.

GOAL:
Students produce a quality manufactured good, determine
marketing strategies (price, product, promotion, and physical
distribution), are innovative and embrace change, empower
team members, barter for sales (nationally and internationally),
encounter government officials, make choices about the use and
disposal of waste, work to improve their communities, and share
findings in order to understand how the aluminum can industry
works from an economic, environmental and global perspective
that meets the needs of consumers.

MATERIALS:

(FOR A CLASS OF 30)
See the Teacher Preparation Sheet for further details.
• Overhead transparencies: Stage 1 Company Introductions,
Business Plan Teacher Sheet, Stage 2 Production
• 30 Can-o-Nomics Student Background Information Sheets
• 30 Business Plan Student Sheets
• 14 Accountant’s Ledger Sheets
• 7 Student Direction Sheets
• 30 Role Card & Responsibilities by Job Sheets
(divided by company)
• 3 Can Endos Template Sheets
• 1 Cannery Row, Inc. Can Production Directions Sheet
• 1 Ocean Dew Beverage Co. Company Guidelines Sheet
• 5 Ocean Dew Beverage Co. Label Design Template Sheets
• 1 Ocean Dew Beverage Co. Marketing Plan Sheet
• 1 The Waste Place Recycling and Waste Guidelines Sheets
• 1 The Waste Place Ledger Sheet
• 4 Ship Shape Supplies Co. Price Sheets
• 1 Ship Shape Supplies Co. Ledger Sheet
• 30 Can-o-Nomics Business Report Sheets
• 5 Production Distracters Sheets
• 7 Sheets of poster-sized butcher paper or posterboard
• 4 Sheets 8.5"x11" green construction paper (landfill “land”)
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• 1 Sheet 8.5"x11" brown construction paper
(recycling plant site)
• 30 Sheets of paper for signs — 2 different colors
• 10 Sheets of green paper
• 5 Permanent markers (2 red, 1 blue, 1 green, 1 black)
• 1 pair of tweezers
• 10 Rulers
• 7 Small cardboard boxes or paper plates (for trucks)
• 10 Pairs of scissors
• 7 Marker or colored pencil sets
• 7 Small envelopes or baggies (cash envelopes)
• Monopoly™ money or Can-o-Nomics money
(approximately $10,000)
• 2 Rolls of tape (sealant)
• 5 Sharpened pencils
• 30 Pairs of rubber gloves
• 1 Kitchen tongs
• 20 Dixie™ cups (to represent waste containers)
• 1 Bag of marbles or something small and round
• 2 Boxes of non-stick aluminum foil (the extra sturdy kind
works best)
• 4 Shoe boxes (to represent mining claims)
• 2 Newspapers or Styrofoam peanuts
• 7 Large envelopes (10"x13")
• 2 Rolling pins or other cylindrical objects similar in size
• 10 Pairs of safety goggles (mining face shields)
• 10 Baseball caps (hard hats)
• 2 5.5 fluid ounce juice cans
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PROCEDURE
PREP

ASSESSMENT
• Follow the Stage
3 Teacher Sheet
“debrief” as
an outline
assessment to
this activity.
• Hand out
Can-o-Nomics
Business Report
Sheet to each
student within
each business
group. Review
the directions.
This will likely
need to be
completed as
homework.
• Upon completion, review
Can-o-Nomics
Business Report
Sheets from
each business
group.
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• Gather materials listed above and on the Teacher Preparation
Sheet.
• Make a large envelope for each company, including materials
listed on the Teacher Preparation Sheet.
• Write the name of the companies on the large envelopes.
• Create mining sites: shoe boxes with packing material.
• Create bauxite: marbles wrapped in aluminum foil.
• Refer to the Teacher Preparation Sheet.

DAY ONE
• Explain to students that they will spend the next two class
periods simulating the aluminum can manufacturing
process. Refer to background information provided within
this curriculum unit for information on the can cycle and
bauxite.
• Refer to Teacher Background Information Sheet in this lesson
for information about can manufacturing.
• Review the can cycle with students. Highlight the differences
between closed-loop and open-loop cycles.
• Review where aluminum (bauxite) originates.
• Ask students to brainstorm how they think an aluminum
beverage can is manufactured. Write ideas down on the
board or overhead. Include all parts of the can, including
the labels and ends.
• Hand out the Student Background Information Sheet
and review. Explain that students will be a part of the
manufacturing process in business groups to simulate
the making of aluminum cans.
• Set the scene for the simulation with students.
• Explain that since students will work in groups as
‘businesses,’ their goal is to make a profit. (They may
need to wheel and deal! They will need to think like
business people!)
• Divide students into the following 7 groups (at least three
students per group):
Boxed Up Bauxite Co.
Coils R Us
Cannery Row, Inc.
Can Endos
The Waste Place
Ocean Dew Beverage Co.
Ship Shape Supplies Co.
• Hand out Role Card & Responsibilities by Job Sheets that
include information on roles (Sales Manager, Acquisition
Specialist, Company Manager and Engineer) to each group.
Allow groups a few minutes to read through the information.
Ask each group to determine the role each student will play
in the group. They should do this within groups and not
amongst the entire class.
• Hand out the Business Plan Student Sheet.

• Ask each group’s manager to describe what he or she does
and with whom he or she works. Review the goal of each
business with the entire class. Explain that this is each
group’s Business Plan. Be sure to highlight environmental
sustainability, empowering people and ethical objectives
within each group’s mission (operating in an environmentally
sound way, working under fair rules, business practices,
supporting the community in which you do business, etc.).
• You may want to diagram on the board how various goods
will move around the room and who works with whom.
Explain that the goal is to produce the parts that make an
aluminum can and to make money for their business in
the process.
• Now that students know the general idea of each business,
explain that the activity is divided into three stages. Put up
the Stage 1 Flow Chart on the overhead and review.
• If time allows, review Stage 2 using the flow chart.
• Remind each group that its ultimate goal is to be prosperous
—make money!

DAY TWO
Prep
• Read the Teacher Roles Sheet to be sure you understand what
roles you play in each Stage of the activity.
• Ask parent or teacher volunteers to help supervise the
activity.
• Assign volunteers to perform a Production Distracter role and
explain responsibilities. Refer to the Production Distracters
Sheet for information.
In Class
• Ask students to get into their business groups. Allow them
time to ask questions, if necessary. Hand out company
envelopes (refer to the Teacher Preparation Sheet).
• Allow students 5 minutes to review company strategies and
to review paperwork in their envelope.
• Begin the simulation with Stage 1. Refer to Stage 1 Teacher
Sheet for details.
• When it appears that students have completed the necessary
tasks for Stage 1, stop them. Review each company’s
progress as an entire class, if there is time.
• Begin Stage 2—Production. Refer to Stage 2 Teacher Sheet for
details.
• Circulate around the class. Encourage volunteers to get into
their Production Distracter roles and circulate around the
class.
• When it appears that the manufacturing process has gone
through at least 2 cycles and you have seen completed
aluminum cans in the cycle, stop the activity.
• Begin Stage 3—Debrief. Refer to Stage 3 Teacher Sheet for
details. The debrief is a critical stage where you will work
with students to understand the manufacturing process and
investigate why recycling aluminum cans is an economical
and environmental benefit.
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TEACHER BACKGROUND
INFORMATION SHEET
HOW ARE CANS MADE?
Keep in mind the distinction between food cans, which
generally are made of steel, and beverage cans, which are made
of aluminum in the United States market.

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 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 5 to 6 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 bodymakers where the can is made. Each bodymaker 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
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height is increased. At the end of this drawn-and-ironed process,
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 1,500 to 2,700 can
bodies per minute. The lubricant is constantly recirculated
through a filter and reused.
Once released from the bodymaker, 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
lithography, or an outside 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 ink, moves to a rotating varnish application
roll that applies a clear coating over the entire sidewall. The
clear coating protects the label from scratching and contains
lubricants that facilitate can conveying. The can is transferred
from the decorator 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, 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 designated
202/211 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 11/16 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, which is smaller than the diameter of a human hair.
Many tests and measurements are conducted during the can
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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 a coil of aluminum being placed on an uncoiler.
The aluminum used for end manufacture is precoated on both
sides with organic protective coatings containing lubricants.
There are no plate lubrication, 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.
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 manufacturing
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.
This section has been adapted from William J. Forsythe’s “Two Piece Aluminum
Can and End Manufacture,” 1996.
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STUDENT BACKGROUND
INFORMATION SHEET
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 (Brazil, Australia, Russia,
Greece and Jamaica) 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 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 5 to 6 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.
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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.

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.
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The bottom of the can is also reformed at
this point. A machine makes a small
dome that helps improve the strength of
the container.

Finally, all finished cans are tested
for leaks. A light tester can find holes
smaller than a 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
the tab back.

Source: www.cancentral.com
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TEACHER PREPARATION SHEET
Collect all of the necessary materials for the activity. If some
of the materials are not available, feel free to ad lib.
For Research and Development information, please refer
to the following publications:
• Beverage Aisle
http://www.beverageaisle.com/beverageaisle/index.jsp
• Beverage Digest
http://www.beverage-digest.com/
• Beverage Industry
http://www.bevindustry.com/
• Beverage World
http://www.beverageworld.com/beverageworld/index.jsp
• The Canmaker
http://www.sayers-publishing.com/canmaker/
You might want to print these materials and make them
available during the activity.
Create mining sites:
• Fill a large shoe box with Styrofoam peanuts or crumpled
up newspapers.
• Wrap marbles in non-stick aluminum foil sheets that are
bigger than 12" x 14". Each crumpled piece of foil with
marbles in it will represent a piece of bauxite. The marbles
are waste. It is up to you to determine how much waste will
be in each piece of ‘bauxite.’
• Place at least 5 ‘bauxite’ pieces in the shoe box. The
Styrofoam peanuts should hide the ‘bauxite.’
• Don’t let the mining company know how many pieces of
‘bauxite’ are in the claim.
Label seven business-sized envelopes (one per company)
that include the following materials:
1. Boxed Up Bauxite Co.
• 4 Boxed Up Bauxite Co. Role Card & Responsibilities
by Job Sheets
• 1 Student Direction Sheet
• 1 Piece of butcher paper or poster board (plant site)
• 1 Cash envelope
• 2 Accountant’s Ledger Sheets
• $2,000
2. Coils R Us
• 4 Coils R Us Role Card & Responsibilities by Job Sheets
• 1 Student Direction Sheet
• 1 Piece of butcher paper or poster board (plant site)
• 1 Cash envelope
• 2 Accountant’s Ledger Sheets
• $1,000
100

3. Can Endos
• 4 Can Endos Role Card & Responsibilities by Job Sheets
• 1 Student Direction Sheet

• 1 Piece of butcher paper or poster board (plant site)
• 1 Can Endos Template Sheet
• 1 Cash envelope
• 2 Accountant’s Ledger Sheets
• $1,000
4. Cannery Row, Inc.
• 4 Cannery Row, Inc. Role Card & Responsibilities by Job Sheets
• 1 Student Direction Sheet
• 1 Piece of butcher paper or poster board (plant site)
• 1 Cannery Row, Inc. Can Production Directions Sheet
• 1 Cash envelope
• 2 Accountant’s Ledger Sheets
• $1,000
5. Ocean Dew Beverage Co.
• 4 Ocean Dew Beverage Co. Role Card & Responsibilities
by Job Sheets
• 1 Student Direction Sheet
• 1 Piece of butcher paper or poster board (plant site)
• 1 Ocean Dew Beverage Co. Company Guidelines Sheet
• 2 Ocean Dew Beverage Co. Label Design Template Sheet
• 1 Ocean Dew Beverage Co. Marketing Plan Sheet
• 1 Cash envelope
• 10 Sheets of green paper
• 2 Accountant’s Ledger Sheets
• $1,000
6. The Waste Place
• 4 The Waste Place Role Card & Responsibilities by Job Sheets
• 1 Student Direction Sheet
• 1 The Waste Place Recycling and Waste Guidelines Sheet
• 1 The Waste Place Company Guidelines Sheet
• 2 The Waste Place Ledger Sheets
• 2 Pencils
• 1 Cash envelope
• 1 Green piece of construction paper (landfill site)
• 1 Brown piece of construction paper (recycling plant site)
• 7 Paper Plates for Trucks
• 2 Rulers
• $500.00
7. Ship Shape Supplies Co.
• 4 Ship Shape Supplies Co. Role Card & Responsibilities
by Job Sheets
• 1 Student Direction Sheet
• 1 Piece of butcher paper or poster board (store site)
• 2 Markers (for store sign)
• 1 Cash envelope
• 2 Ship Shape Supplies Co. Ledger Sheets
• 4 Ship Shape Supplies Co. Price Sheets
• $1,000 in small bills (this is a loan from the bank so that
they can make change for customers)
• Supplies to Sell. Refer to the Ship Shape Supplies Co. Price
Sheet to be certain everything is accounted for.
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PRODUCTION DISTRACTERS SHEET
1. EPA (Environmental Protection Agency) — Monitors any
activities that may have an effect on the environment. Fines
$50.00 for each non-compliance to EPA regulations.
Establishes new increased recycling goals. Can make the
announcement that there is a new EPA regulation, effective
immediately that requires all cans to state recycled content
on the label.
2. I.R.S. (Internal Revenue Service) — Monitors sales and
purchase records (accountant sheets) of all companies. Fines
$50.00 for poor bookkeeping.
3. O.S.H.A. (Occupational Safety and Health Administration)
— Monitors unsafe working conditions. Fines $50.00 for
each infraction.
4. P.T.S.A. (Parent, Teacher, Student Association) — Asks
for donations to improve local schools.
5. P.I.B. (Pain in the Butt) — Vocal group of protesters of
uncertain origins—may include a small percentage of stockholders—known to complain about everything and hold
demonstrations.
6. F.T.A. (Federal Transportation Authority) — Monitors all
transportation of goods and materials. Fines $50.00 for each
infraction.
7. United Way — Asks for donations to improve the local
community.
8. U.S. Congress — Considering a change to FDA content
labeling regulations that would make products with current
labels saleable for two months after enactment.
9. County Representative — Increases landfill tipping fees to
help generate funding for other county services where The
Waste Place operates.
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Boxed Up
Bauxite Co.

sells to

Mining Claim
Meister
(teacher)

sells to
Coils R Us

sells to

sells to

sells to

Can Endos

sells to

sells to

The Waste
Place

AND

sells to

sells to

School Marm
(teacher)

sells to

Ship Shape
Supplies Co.

Cannery Row,
Inc.

sells to

STAGE 1
COMPANY INTRODUCTIONS

CAN-O-NOMICS

sells to

Ocean Dew
Beverage Co.

CAN-O-NOMICS — BUSINESS PLAN

STAGE 1
WHO WORKS WITH WHOM?
Your Company Name:
Company Mission:
Work with:
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Your Company Name:

Your Company Name:

Company Mission:

Company Mission:

Work with:

Work with:

Your Company Name:

Your Company Name:

Company Mission:

Company Mission:

Work with:

Work with:

Your Company Name:

Your Company Name:

Company Mission:

Company Mission:

Work with:

Work with:

CAN-O-NOMICS — BUSINESS PLAN

STAGE 1
WHO WORKS WITH WHOM?
Your Company Name: Ship Shape
Supplies Co.
Company Mission: Provide supplies to all
companies in an ethical way
Work with: All companies

Your Company Name: Boxed Up Bauxite Co.
Company Mission: Mine bauxite, separate
minerals, sell aluminum in an environmentally
sound way.
Work with: Coils R Us, Ship Shape Supplies
Co., Mining Claim Meister & The Waste Place

Your Company Name: The Waste Place
Company Mission: Provide waste facility;
monitor waste compliance; lease and/or sell
transportation; process and sell recycled
aluminum in an environmentally sound way.
Work with: All companies

Your Company Name: Coils R Us
Company Mission: Obtain aluminum and
create coils using environmentally sound
business practices.
Work with: All companies except Ocean Dew
Beverage Co.

Your Company Name: Can Endos
Company Mission: Use coils to create beverage
can ends using environmentally sustainable
business practices; design opening.
Work with: Coils R Us, The Waste Place, Ship
Shape Supplies Co. & Ocean Dew Beverage Co.

Your Company Name: Cannery Row, Inc.
Company Mission: Use coils to create can
body and label using environmentally sound
business practices.
Work with: Coils R Us, The Waste Place, Ship
Shape Supplies Co. & Ocean Dew Beverage Co.

Your Company Name: Ocean Dew Beverage Co.
Company Mission: Assemble cans, design labels,
fill cans with product, sell finished product
using environmentally sound business practices.
Work with: Cannery Row, Inc., Can Endos &
School Marm
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1. Meet with Boxed Up Bauxite Co.
to determine price of mined
bauxite.
2. Determine the final price of
your product & meet with buyers to negotiate the price.
3. Work with company manager
for approval on product prices.

1. Meet with Coils R Us Sales
Manager to determine cost of
supplies.
2. Determine the final price of
your product & meet with final
buyer to negotiate the price.
3. Work with company manager
for approval on product prices.

Boxed Up
Bauxite Co.

Coils R Us

Cannery Row,
Inc.

SALES MANAGER

1. Determine price for individual
mining claims to determine
final pricing for mined bauxite.
2. Have all final prices approved
by Boxed Up Bauxite Co.
Company Manager.

COMPANY

1. Buy or lease a truck from The
Waste Place.
2. Buy supplies from Ship Shape
Supplies Co.
3. Keep accurate records on ledger.

1. Buy or lease a truck from The
Waste Place.
2. Buy supplies from Ship Shape
Supplies Co.
3. Keep accurate records on ledger.

1. Buy or lease a truck from The
Waste Place.
2. Buy supplies from Ship Shape
Supplies Co.
3. Buy mining claim(s) from the
Mining Claim Meister.
4. Keep accurate records on ledger.

1. Tell acquisition specialist
amount of materials needed.
2. Begin production as soon as
possible.

1. Tell acquisition specialist
amount of materials needed.
2. Begin production as soon as
possible.

1. Tell acquisition specialist
amount of materials needed.
2. Begin mining as soon as possible.

STAGE 1 — RESPONSIBILITIES BY JOB
ACQUISITION SPECIALIST
ENGINEER

1. Based on cost of supplies, work
with the sales manager to determine price of your final product.
2. Make company sign.
3. Check ledger & purchases.
4. Meet with The Waste Place to
learn about waste regulations.

1. Based on cost of supplies, work
with the sales manager to determine price of your final product.
2. Make company sign.
3. Check ledger & purchases.
4. Meet with The Waste Place to
learn about waste regulations.

1. Based on cost of supplies, work
with the sales manager to determine price of mined bauxite.
2. Make company sign.
3. Check ledger & purchases.
4. Meet with The Waste Place to
learn about waste regulations.

COMPANY MANAGER

• While the Supply company is determining the prices for the materials it sells, make sure each group knows how to make its product. You might
want to start each group with an example of its product.
• The Waste Place decides on price to lease or rent its trucks to the other companies.
• All companies send a representative to The Waste Place to negotiate transportation and to Ship Shape Supplies Co. to negotiate supplies.
• Students from The Waste Place circulate with posters (“marketing materials”) that explain waste and transportation regulations to each company.

STAGE 1

Below is a list of activities that should be happening during Stage 1.

CAN-O-NOMICS — STAGE 1
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1. Review waste guidelines for
companies.
2. Work with Sanitation Engineer
to create information cards and
meet with each company to
inform them about regulations.

ACCOUNTANT

PUBLIC RELATIONS SPECIALIST

The Waste
Place

1. Take inventory of all items on
your site.
2. Keep accurate records on ledger.

1. Determine the final price of
your products.
2. Meet with companies who will
need to buy supplies and rent
transportation.
3. Work with company manager
for approval on product prices.

Ship Shape
Supplies Co.

1. Buy supplies from Ship Shape
Supplies Co.
2. Keep accurate records on ledger.
3. Negotiate price for leasing or
selling trucks.

1. Buy or lease a truck from The
Waste Place.
2. Buy supplies from Ship Shape
Supplies Co.
3. Keep accurate records on ledger.

1. Meet with Can Endos and
Cannery Row, Inc. Sales Managers
to determine cost of supplies.
2. Determine the final price of your
product & meet with final buyer
to negotiate the price.
3. Work with company manager for
approval on product prices.

Ocean Dew
Beverage Co.

1. Buy or lease a truck from The
Waste Place.
2. Buy supplies from Ship Shape
Supplies Co.
3. Keep accurate records on ledger.

1. Meet with Coils R Us Sales
Manager to determine cost of
aluminum supplies.
2. Determine the final price of
your product & meet with final
buyer to negotiate the price.
3. Work with company manager
for approval on product prices.

Can Endos

1. Work with Public Relations
specialist to create information
cards for each company outlining
recycling & waste regulations.
2. Create landfill space.
3. Begin regulating any waste
coming into the landfill.

SANITATION ENGINEER

1. Work with your acquisition specialist to determine what items
you have in stock.
2. Begin displaying items in an
organized and shopper friendly
fashion.

1. Tell acquisition specialist
amount of materials needed.
2. Begin production as soon as
possible.

1. Tell acquisition specialist
amount of materials needed.
2. Begin production as soon as
possible.

1. Based on cost of supplies, work
with the staff to determine price
of waste per company.
2. Make company sign.
3. Check ledger & purchases.
4. Meet with companies to explain
or review waste information
cards.

MANAGER

1. Based on cost of supplies, work
with the sales manager to determine price of your products.
2. Make company sign.
3. Check ledger & purchases.
4. Meet with The Waste Place to
learn about waste regulations.

1. Based on cost of supplies, work
with the sales manager to determine price of your final product.
2. Make company sign.
3. Check ledger & purchases.
4. Meet with The Waste Place to
learn about waste regulations.

1. Based on cost of supplies, work
with the sales manager to determine price of your final product.
2. Make company sign.
3. Check ledger & purchases.
4. Meet with The Waste Place to
learn about waste regulations.
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Boxed Up
Bauxite Co.

Mining Claim
Meister
(teacher)

sells to

sells to

Coils R Us

sells to

STAGE 2
PRODUCTION

sells to

sells to

The Waste
Place

Can Endos

sells to

sells to

disposes of or
recycles at

Cannery Row,
Inc.

sells to

Ship Shape
Supplies Co.

CAN-O-NOMICS

sells to

School Marm
(teacher)

sells to

sells to

sells to

Ocean Dew
Beverage Co.
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1. Finalize price with final buyer.
2. Continue to mine bauxite.
3. Promote product.
4. Sell, sell, sell!
5. Monitor customer needs and
political climate.

1. Finalize price with final buyer.
2. Promote product.
3. Sell, sell, sell!

1. Finalize price with final buyer.
2. Promote product.
3. Sell, sell, sell!

Coils R Us

Cannery Row,
Inc.

SALES MANAGER

Boxed Up
Bauxite Co.

COMPANY

1. Buy or lease a truck from The
Waste Place.
2. Buy supplies from Ship Shape
Supplies Co.
3. Keep accurate records on ledger.
4. Serve as financial advisor and
reporter.

1. Buy or lease a truck from The
Waste Place.
2. Buy supplies from Ship Shape
Supplies Co.
3. Keep accurate records on ledger.
4. Serve as financial advisor and
reporter.

1. Buy or lease a truck from The
Waste Place.
2. Buy supplies from Ship Shape
Supplies Co.
3. Buy mining claim(s) from the
Mining Claim Meister.
4. Keep accurate records on ledger.
5. Serve as financial advisor and
reporter.

1. Tell acquisition specialist
amount of materials needed.
2. Begin production as soon as
possible.
3. Produce, produce, produce!
4. Ask company manager for help
with production if necessary.

1. Tell acquisition specialist
amount of materials needed.
2. Begin production as soon as
possible.
3. Produce, produce, produce!
4. Ask company manager for help
with production if necessary.

1. Tell acquisition specialist amount
of materials needed.
2. Begin mining as soon as possible.
3. Maintain quality.
4. Push the envelope with Research
& Development.

STAGE 2 — RESPONSIBILITIES BY JOB
ACQUISITION SPECIALIST
ENGINEER

Below is a list of activities that should be happening during Stage 2.

CAN-O-NOMICS — STAGE 2 PRODUCTION

1. Prices finalized.
2. Company sign should be displayed.
3. Check ledger & purchases.
4. Remind staff of The Waste Place
regulations.
5. Work with Sales Manager to sell
product, motivate, and serve as
company liaison.
6. Strive for innovation and
embrace change

1. Prices finalized.
2. Company sign should be
displayed.
3. Check ledger & purchases.
4. Remind staff of The Waste Place
regulations.
5. Work with Sales Manager to sell
product, motivate, and serve as
company liaison.
6. Strive for innovation and
embrace change

1. Prices finalized.
2. Company sign should be
displayed.
3. Check ledger & purchases.
4. Remind staff of The Waste Place
regulations.
5. Work with Sales Manager to sell
product, motivate, and serve as
company liaison.
6. Strive for innovation and
embrace change.

COMPANY MANAGER
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1. Finalize price with final buyer.
2. Promote product.
3. Sell, sell, sell!
4. Monitor consumer needs and
political climate.
5. Work with Cannery Row, Inc.
to determine best selling label
design.

Can Endos

Ocean Dew
Beverage Co.

SALES MANAGER

1. Finalize price with final buyer.
2. Promote product.
3. Monitor customer needs and
political climate.
4. Sell, sell, sell!

COMPANY

1. Buy or lease a truck from The
Waste Place.
2. Buy supplies from Ship Shape
Supplies Co.
3. Keep accurate records on ledger.
4. Serve as financial advisor and
company reporter.

1. Buy or lease a truck from The
Waste Place.
2. Buy supplies from Ship Shape
Supplies Co.
3. Keep accurate records on ledger.
4. Serve as financial advisor and
company reporter.

1. Tell acquisition specialist
amount of materials needed.
2. Begin production as soon as
possible.
3. Produce, produce, produce!
4. Ask company manager for help
with production if necessary.
5. Work with Can Endos to determine best can opening design.
6. Work with other company
employees to produce beverage
to put in can.

1. Tell acquisition specialist amount
of materials needed.
2. Begin production as soon as
possible.
3. Produce, produce, produce!
4. Ask company manager for help
with production if necessary.
5. Maintain quality.
6. Push the envelope with Research
& Development.

STAGE 2 — RESPONSIBILITIES BY JOB
ACQUISITION SPECIALIST
ENGINEER

CAN-O-NOMICS — STAGE 2 PRODUCTION

COMPANY MANAGER

1. Prices finalized.
2. Company sign should be displayed.
3. Check ledger & purchases.
4. Remind staff of The Waste Place
regulations.
5. Work with Sales Manager to sell
product, motivate, and serve as
company liaison.
6. Strive for innovation and
embrace change.

1. Prices finalized.
2. Company sign should be
displayed.
3. Check ledger & purchases.
4. Remind staff of The Waste Place
regulations.
5. Work with Sales Manager to sell
product, motivate, and serve as
company liaison.
6. Strive for innovation and
embrace change.
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The Waste
Place

Ship Shape
Supplies Co.

1. Buy supplies from Ship Shape
Supplies Co.
2. Keep accurate records on ledger.
3. Estimate number of years landfill space is available; how much
waste community generates and
the percentage being recycled.
4. Determine recycling rate of
aluminum cans.
5. Sell recycled aluminum to Coils
R Us.

ACCOUNTANT

PUBLIC RELATIONS SPECIALIST

1. Be sure each company has a
recycling & waste brochure.
2. Work with companies who may
not understand guidelines.
3. Work with Sanitation Engineer,
Facility Manager and
Accountant to set recycling
goals.
4. Coordinate with Ship Shape
Supplies Co. for adaptation of
“buy-recycled” philosophy.

1. Take inventory of all items on
your site.
2. Keep accurate records on ledger.

1. Finalize price with final buyer.
2. Work with company manager to
determine if new products
should be added for sale.

1. Work with Public Relations
specialist to create information
cards for each company outlining
waste & transportation regulations.
2. Create landfill space.
3. Begin regulating any waste
and/or recyclables coming to
the landfill.
4. Conduct waste and recycling
audit and share with Facility’s
Manager, PR Specialist and
Accountant.
5. Recycle any aluminum you
receive at the landfill.

SANITATION ENGINEER

1. Display all items with prices
clearly stated.
2. Sell, sell, sell!!!

1. Prices finalized.
2. Company sign should be
displayed.
3. Check ledger & purchases.
4. Remind staff of regulations.
5. Serve as facility liaison.
6. Monitor customer and business
needs and the political climate.
7. Strive for innovation and
embrace change.

MANAGER

1. Check sales and prices to ensure
you are making a profit.
2. Company sign should be
displayed.
3. Check ledger & purchases.
4. Remind staff of The Waste Place
regulations.
5. Work with Sales Manager to sell
and determine customer needs.
6. Serve as company liaison.
7. Strive for innovation and
embrace change

CAN-O-NOMICS — STAGE 3

Stage 3 is the debrief of the activity. Ask students to complete the Quarterly Report before you begin
the debrief discussion. Below is a list of questions you might want to include or you may use the
Quarterly Reports to frame the discussion.
Possible discussion questions include:
1. Have each company share their final ledger and Business Report. Did they make or lose money?
Why?
2. What was the final cost of an aluminum can?
3. Discuss the difference in production and revenue in Stage 1 versus Stage 2.
4. Have each company share its strategy.
5. How did the regulation on waste disposal affect your group?
6. How much did your group end up spending on waste disposal? What percentage of your product’s
cost was this? If you did not spend anything, did your costs change indirectly (prices were raised
on something you had to buy)?
7. Did any company choose to recycle/reuse or exchange waste? How were recycled products used?
How much money was saved? What were the effects to the entire system?
8. How do manufactured products improve our quality of life? Give examples.
9. What are some alternatives to traditional waste disposal methods, or landfills?
10. How did this activity simulate real life? How was it different?
11. Did any company opt to promote its environmental strategy because of the belief that it is the
correct environmental strategy for today?
12. Count how many times a can was used for recycling. Hint: Each color represents the life-cycle of
a can. How many different colors of labels produced the most recent can?

Other points to make:
• This is a simulation and simplified version of the can manufacturing process. Please refer to the
Can-o-Nomics Teacher Background Information Sheet and the Can-o-Nomics Student Background
Information Sheet for accurate process information.
• Remind students that tape is not actually used in any part of the manufacturing or recycling process
of aluminum beverage cans. The tape in this activity represents the smelting process.
• The Waste Place buys each can for recycling at $25/can. In actuality, cans are bought for approximately
$.01/can.
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CAN-O-NOMICS

Mining
Claim
Meister

School
Marm

STAGE 1

STAGE 2

STAGE 3

INITIAL SUPPLY OF MATERIALS

PRODUCTION

DEBRIEF

Sell mining claims to Boxed
Up Bauxite Co.
Charge $500/claim.

Continue to sell mining
claims as needed to
Boxed Up Bauxite Co.

Prepare to buy sodas from
Ocean Dew Beverage Co.

Buy sodas from Ocean Dew
Beverage Co. Either throw
away cans or recycle them
at The Waste Place.
***Start by recycling at
least the first 2–3 cans.
This will illustrate the
concept of economical
advantage to recycling.

Review Stage 3
Teacher Sheet for
debrief questions
and ideas.
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CAN-O-NOMICS

DIRECTIONS:
1. CLEAR OFF YOUR DESK. Each group will be operating a business. All work and storage must be
done on your plant site. Plant sites will be represented by sheets of paper that you will be given.
2. READ YOUR ROLE CARD. Your group must produce what is outlined on your role card. Your
group is responsible to make sure that any product it buys meets specifications—or the final
customer may reject it, and you will lose money.
3. PUT OUT A SIGN. Identify your company with your company name.
4. ACQUIRE THE THINGS YOU NEED to get started. Make sure you have a plant site, a “truck” to
transport your product, and the “machinery” you need. Your role card will say whom to contact to
get the materials or other products you need to begin production.
5. SET A PRICE for your product.
6. KEEP RECORDS of everything your group spends and earns. The Acquisition Specialist is responsible
for all records on ledgers. All money transactions must be recorded on your accounting ledger sheet.
7. BEGIN PRODUCTION. As soon as you have what you need, get started (you cannot make any $
until you do!). You will only have a short amount of time to make as much money as possible for
your company while surpassing the customer’s expectations of a quality product.
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BOXED UP BAUXITE CO.
ROLE CARD & RESPONSIBILITIES BY JOB SHEET
Your company specializes in mining bauxite to produce
aluminum. You are expected to supply aluminum to Coils R Us
so that they can produce aluminum coils. You must mine enough
bauxite to fulfill their needs. To achieve this task, you should:
1. Assign the roles below.
2. Acquire your starting equipment.
3. Purchase or lease your truck from The Waste Place.
4. Purchase materials from Ship Shape Supplies Co.
5. Make your company sign using exactly two colors of paper.
6. Purchase mining claims from the Mining Claim Meister
(teacher). Mining claims cost $500.00 per claim.
7. Remove bauxite from mining claim site.
8. Sell aluminum to Coils R Us.
9. Conduct a waste audit. Talk with The Waste Place about
recycling versus landfill of waste generated and incorporate
into your company’s business plan.
All supplies can be purchased from Ship Shape Supplies Co.
Your company starts with an initial cash balance of $2,000.00.
All production and storage of materials must take place
on your plant site. You MUST lease or buy a truck for your
transportation purposes from The Waste Place. No mined
materials can be handled without proper techniques as they
may contain toxins.

MINING REGULATIONS:
• Miners must take proper safety precautions by always
wearing gloves, hard hats and mining face shields when
handling materials.
• Use the mining shovel (tongs) to extract bauxite from your
mining site.
• Place bauxite on your plant site.
• Carefully extract impurities (marbles) from each piece of
bauxite.
• Place all impurities in waste container (Dixie™ cup) and
dispose of at The Waste Place.
• Sell aluminum to Coils R Us.

DETERMINE COMPANY ROLES:
Sales Manager: You work with Coils R Us to negotiate the
final selling price of the aluminum. You will wheel and deal to
reach an agreement on the price. Confer with other members
of your company for a read on business climate before locking
in the final price. The price must be approved by the company
manager. Negotiate waste disposal contracts.
Acquisition Specialist: You purchase all supplies from Ship
Shape Supplies Co., and you make the transportation agreement
with The Waste Place. Mining claims are purchased from the
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Mining Claim Meister for $500.00/claim. You are also responsible
for keeping accurate records of all company revenue and
expenses on the Ledger Sheet, following your company’s
business plan and ethics guidelines. You will need to have
approval from your company’s manager for any purchase over
$5,000.00. You will report final numbers.
Engineer: You process the bauxite by removing any impurities
and refining the alumina. You will need to separate the alumina
from other impurities found within the mineral bauxite.
Refer to the directions above and the company manager for
clarification. Work with the acquisition specialist to identify
materials you will need to complete the bauxite and aluminum
processing. Continue to examine research and development
opportunities for improved quality and cost savings. The
company manager will help you should your workload
become overwhelming. All engineering practices MUST be
completed wearing gloves, and the processing task requires
the wearing of Mining Face Shields (goggles) and Hard Hats.
Company Manager: You are ultimately responsible for the
company’s success or failure. You need to work with the
engineer to maintain the workload and check the accounting
ledger regularly. You make the company sign. You will keep
the official records of all mining claims, set company’s business
plan and ethics guidelines, empower employees, serve as
company liaison officer, and oversee daily operations.

ACQUIRE YOUR STARTING EQUIPMENT
In your Company Envelope, you will find:
1 Plant site (poster board or large butcher paper)
2 Accountant’s Ledger Sheets
1 Student Direction Sheet
1 Cash envelope with money
You will need to buy the following from Ship Shape
Supplies Co.:
Waste Container(s) (Dixie™ cup)
1 Mining Shovel (kitchen tongs)
Markers or colored pencils (for company sign)
2 Pairs of gloves
Sign Paper (colored paper)
2 Mining face shields (goggles)
2 Hard hats (baseball caps)
Acquire the following elsewhere:
Mining Claim (see Mining Claim Meister)
1 Truck (see The Waste Place)
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COILS R US
ROLE CARD & RESPONSIBILITIES BY JOB SHEET
Your company specializes in obtaining aluminum and
producing aluminum coils. To achieve this task, you should:
1. Assign the roles below.
2. Acquire your starting equipment.
3. Purchase or lease your truck from The Waste Place.
4. Purchase materials and supplies from Ship Shape
Supplies Co.
5. Make your company sign using exactly two colors of paper.
6. Purchase aluminum from Boxed Up Bauxite Co.
7. Flatten the aluminum from its ‘ingot’ form and cut into
12" x 14" pieces.
8. Roll the pieces into coils.
9. Sell to Cannery Row, Inc. and Can Endos.
10. You will have the opportunity to purchase recycled
aluminum from The Waste Place. You will need to melt
(tape) the recycled aluminum together to produce a
new coil to distribute into the production chain. Each
new sheet, prior to being rolled into a coil, must be
12" x 14". You may use as many pieces as is necessary
to create a 12" x 14" sheet. You must tape the aluminum
foil’s dull side to another dull side.
11. Sell recycled aluminum to Cannery Row, Inc. and
Can Endos.
12. Determine appropriate disposal for scrap waste. Talk
with The Waste Place to determine the best option.
Supplies can be purchased from Ship Shape Supplies Co.
Your company starts with an initial cash balance of $1,000.00.
All production and storage of materials must take place
on your plant site. You MUST lease or buy a truck from The
Waste Place.

DETERMINE COMPANY ROLES:
Sales Manager: You work with both Cannery Row, Inc. and
Can Endos to negotiate the final selling price of the aluminum
coils you produce for their products. You will wheel and deal
to reach an agreement on the price. Confer with other members
of your company to set the final price. The price must be
approved by the company manager.
Acquisition Specialist: You purchase all supplies from Ship
Shape Supplies Co. and make the transportation agreement
with The Waste Place. You also purchase aluminum from
Boxed Up Bauxite Co. and recycled aluminum from The Waste
Place. You are also responsible for keeping accurate records of
all company revenue and expenses on the Ledger Sheet. You
will need to have approval from your company manager for
any purchase over $5,000.00. You will report final numbers.
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Engineer: You process (cut into 12" x 14" pieces) the aluminum
and roll it into aluminum coils. You will need to use the proper
tools to flatten and cut the aluminum into 12" x 14" pieces.
Use the Can Body Template Material your company purchases
at Ship Shape Supplies Co. to create a 12" x 14" body template.
You will also accept recycled aluminum from The Waste Place
and create new aluminum coils with the recycled material.
Refer to the directions above and the company manager for
clarification. You will work with the acquisition specialist to
identify materials you will need. The company manager will
help you should your workload become overwhelming. All
engineering practices MUST be completed wearing gloves.
Company Manager: You are ultimately responsible for the
company’s success or failure as CEO. You need to work with
the engineer to maintain a safe and productive workload
that will ultimately lead to products that exceed customers’
expectations, negotiate prices created by the sales manager,
motivate employees, encourage integrity in all relationships,
check the accounting ledger regularly, and work with all
members to determine the price of the aluminum coils. You
will also work with the engineer to recycle aluminum into
new coils. You make the company sign.

ACQUIRE YOUR STARTING EQUIPMENT
In your Company Envelope, you will find:
1 Plant site (poster board or large butcher paper)
2 Accountant’s Ledger Sheets
1 Student Direction Sheet
1 Cash envelope with money
You will need to buy the following from Ship Shape
Supplies Co.:
Waste Container(s) (Dixie™ cup)
1 Pair of scissors
Markers or colored pencils (for company sign)
2 Pairs of gloves
Sign Paper (colored paper)
1 Flattener (rolling pin or ruler)
1 Ruler
Sealant (tape)
1 Can Body Template Material (large sheet of butcher paper)
Acquire the following elsewhere:
1 Truck (see The Waste Place)
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CAN ENDOS
ROLE CARD & RESPONSIBILITIES BY JOB SHEET
Your company specializes in creating aluminum can ends.
To achieve this task, you should:
1. Assign the roles below.
2. Acquire your starting equipment.
3. Purchase or lease your truck from The Waste Place.
4. Purchase materials from Ship Shape Supplies Co.
5. Make your company sign using exactly two colors of paper.
6. Purchase rolled aluminum coils from Coils R Us.
7. Unroll, flatten and smooth out the aluminum coils.
8. Cut the aluminum coils to can end specifications using the
template provided.
9. Sell to Ocean Dew Beverage Co.
10. Determine appropriate disposal for waste. Talk with
The Waste Place to determine the best options.
Supplies can be purchased from Ship Shape Supplies Co.
Your company starts with an initial cash balance of $1,000.00.
All production and storage of materials must take place
on your plant site. You MUST lease or buy a truck from The
Waste Place.
IMPORTANT NOTES:
• You will have the opportunity to buy recycled aluminum
from Coils R Us. However, because not all cans are being
recycled, you will need to continue production of new
can ends.
• Using recycled cans saves more money than using new
aluminum without jeopardizing quality. You will pass the
savings on to the consumer by charging less for the final
product.
• Recycled can body parts will have a label or part of a label
already written on them.
• You may use a can end template only ONE TIME before
it must be disposed of at The Waste Place. You buy more
templates from Ship Shape Supplies Co.
• Any extra aluminum you have must go to The Waste Place.

DETERMINE COMPANY ROLES:
Sales Manager: You work with Coils R Us, Cannery Row, Inc.
and Ocean Dew Beverage Co. to negotiate the final selling price
of your product. You will wheel and deal to reach an agreement
on the price. Confer with other members of your company to
set the final price. The price must be approved by the company
manager. Keep your ear to the ground for improvements to
your product that would generate increased profits and that
customers and consumers would like. Work with Engineering
Research & Development.
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Acquisition Specialist: You purchase all supplies from Ship
Shape Supplies Co. and you make the transportation agreement
with The Waste Place. You are also responsible for keeping
accurate records of all company revenue and expenses on
the Ledger Sheet. You will need to have approval from your
company manager for any purchase over $5,000.00. You will
report final numbers.
Engineer: You are in charge of the production and Research &
Development of quality can lids. Using the design template
provided, start production. You work with Ocean Dew Beverage
Co. to determine the best can end opening for consumption.
They must approve design prior to mass production. Refer to
the directions above and the company manager for clarification.
You can enlist the help of others in the company to increase
production. You will work with the acquisition specialist to
identify materials you will need. All engineering practices
MUST be completed wearing gloves.
Company Manager: You are ultimately responsible for the
company’s success or failure as CEO. You need to work with
the engineer to maintain the workload, empower employees,
create a safe, productive work environment whose product
exceeds customer expectations, negotiate prices created by the
sales manager, check the accounting ledger regularly, and work
with all company members to determine the price of the can
ends. You make the company sign.

ACQUIRE YOUR STARTING EQUIPMENT
In your Company Envelope, you will find:
1 Plant site (poster board or large butcher paper)
2 Accountant’s Ledger Sheets
1 Student Direction Sheet
1 Cash envelope with money
1 Can Endos Template Sheet
You will need to buy the following from Ship Shape
Supplies Co.:
Waste Container(s) (Dixie™ cup)
1 Pair of scissors
Markers or colored pencils (for company sign)
2 Pairs of gloves
1 Sharpened pencil (for cutting ends)
Sign Paper (colored paper)
Additional Can Endos Template Sheets
Acquire the following elsewhere:
1 Truck (see The Waste Place)
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CAN ENDOS

Use this can top template to create your quality product. Remember you can use the template only
ONE TIME before it must be discarded!
Think about the beverage can’s opening. You must include an opening for each can end you design.
There are regular size tabs as shown. Are there design elements such as “wide mouth” openings that
would change the delivery of the beverage that your sales manager could promote to increase sales by
Ocean Dew Beverage Co. and help increase your sales?
All completed can ends MUST have an opening!
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CANNERY ROW, INC.
ROLE CARD & RESPONSIBILITIES BY JOB SHEET
Your company specializes in creating aluminum can bodies.
You are expected to sell your product to Ocean Dew Beverage
Co. for assembly and distribution. To achieve this task, you
should:
1. Assign the roles below.
2. Acquire your starting equipment.
3. Purchase or lease your truck from The Waste Place.
4. Purchase materials from Ship Shape Supplies Co.
5. Make your company sign using exactly two colors of paper.
6. Purchase aluminum coils from Coils R Us.
7. Unroll, flatten and smooth out the aluminum coils.
8. Review important notes below.
9. Follow the directions on the Can-o-Nomics Cannery Row,
Inc. Can Production Directions Sheet.
10. Work with Ocean Dew Beverage Co. on a label design
(lithography). The can label will be reproduced onto the
can using permanent markers depicting the agreed upon
can label design.
11. Sell to Ocean Dew Beverage Co.
12. Determine appropriate disposal for waste. Talk with
The Waste Place to determine the best options.
Supplies can be purchased from Ship Shape Supplies Co.
Your company starts with an initial cash balance of $1,000.00.
All production and storage of materials must take place
on your plant site. You MUST lease or buy a truck from The
Waste Place.
IMPORTANT NOTES:
• You will have the opportunity to buy recycled aluminum
from Coils R Us. However, because not all cans are being
recycled, you will need to continue production of new can
bodies.
• Using recycled cans saves more money than using new
aluminum without jeopardizing quality. You will pass the
savings on to the consumer by charging less for the final
product.
• Recycled can body parts will have a label (colored marker)
or part of a label already written on them from former
recycled can.
• Can label colors must be: 1st round-Red, 2nd round-Blue,
3rd round-Green, 4th round-Black

DETERMINE COMPANY ROLES:

122

Sales Manager: You work with Coils R Us, Can Endos and
Ocean Dew Beverage Co. to negotiate the final selling price
of your product. You will wheel, deal and promote your product
to reach an agreement on the price. Confer with other members
of your company to set the final price. The company manager
must approve the price. You will need to determine final
label design, approved by Ocean Dew Beverage Co., and
buy appropriate colors from Ship Shape Supplies Co. Each
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generation of labels must have a new and improved color. See
the Important Notes section above for details.
Acquisition Specialist: You purchase all supplies from Ship
Shape Supplies Co. and you make the transportation agreement
with The Waste Place. You are also responsible for keeping
accurate records of all company revenue and expenses on the
Ledger Sheet, as well as serve as financial advisor and company
reporter/secretary. You will need to have approval from your
company manager for any purchase over $5,000. You will
report final numbers.
Engineer: You are in charge of the production of the can bodies
and scrap recycling. Start production. Refer to the directions
on the Cannery Row, Inc. Can Production Directions Sheet and
the company manager for clarification. You will work with the
acquisition specialist to identify materials you will need. The
company manager will help you should your workload
become overwhelming. All engineering practices MUST be
completed wearing gloves.
Company Manager: You are ultimately responsible for the
company’s success or failure as CEO. You need to work with
the engineer to maintain a safe and productive workload
that will ultimately lead to products that exceed customers’
expectations, negotiate prices created by the sales manager,
motivate employees, encourage integrity in all relationships,
check the accounting ledger regularly, serve as company liaison,
and work with all company members to determine the price
of your can bodies. You make the company sign.

ACQUIRE YOUR STARTING EQUIPMENT
In your Company Envelope, you will find:
1 Plant site (poster board or large butcher paper)
2 Accountant’s Ledger Sheets
1 Student Direction Sheet
1 Cash envelope with money
1 Cannery Row, Inc. Can Production Directions Sheet
You will need to buy the following from Ship Shape
Supplies Co.:
Waste Container(s) (Dixie™ cup)
1 Pair of scissors
Markers or colored pencils (for company sign)
2 Pairs of gloves
1 Sharpened pencil (for cutting ends)
Sign Paper (colored paper)
4 Lithography markers (red, blue, green, black)
2 5.5 fl. oz. juice cans
1 Ruler
Acquire the following elsewhere:
1 Truck (see The Waste Place)
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CANNERY ROW, INC. — CAN PRODUCTION

Follow the directions below to create your product.
1. Unroll the coil of aluminum and cut into 12" x 14" pieces.
2. Place the 5.5 fluid ounce beverage can on the middle of the 12" x 14" sheet of aluminum, shiny side
toward the desk. Lift the can slightly off the sheet, but still centered. Take your other hand and place it
under the sheet where the can had originally been placed. The beverage can will become your cupping
press, forming the metal, actually drawing and ironing the aluminum into a tall cylinder just like the
5.5 ounce beverage can.
3. Next, trim with scissors the top just above the 5.5 ounce beverage can’s end. Be sure to neck down the
can to follow the contour of the juice can. Each can should be the same height and width.
4. Draw the label (lithography) directly onto the aluminum using the design given to you by Ocean
Dew Beverage Co. Use colors in this order: 1st round-Red, 2nd round-Blue, 3rd round-Green,
4th round-Black
5. If you are using recycled aluminum, be sure the sides match up. Shiny sides should be next to pieces
with shiny sides and vice versa. If they are not, send the entire piece back to Coils R Us for re-smelting
(re-taping the correct way).
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OCEAN DEW BEVERAGE CO.
ROLE CARD & RESPONSIBILITIES BY JOB SHEET
Your company is the bottler who specializes in filling the
beverage can with your own private-label beverage and securing
the can end for transit to the retailer (School Marm). To achieve
this task, you should:
1. Assign the roles below.
2. Make your company sign using exactly two colors of paper.
3. Acquire your starting equipment.
4. Purchase or lease your truck from The Waste Place.
5. Purchase materials from Ship Shape Supplies Co.
6. Develop a marketing plan using the Ocean Dew Beverage
Co. Marketing Plan Sheet for your beverages with the goal
to sell your product to the School Marm.
7. Work with Can Endos to determine the most effective
mouth size for the can opening.
8. Work with Cannery Row, Inc. for the label design.
9. Assemble cans, fill with product, and sell!
10. Determine appropriate disposal for waste. Talk with
The Waste Place to determine the best options.
Supplies can be purchased from Ship Shape Supplies Co.
Your company starts with an initial cash balance of $1,000.00.
All production and storage of materials must take place
on your plant site. You MUST lease or buy a truck from The
Waste Place.

DETERMINE COMPANY ROLES:
Sales Manager: You work with Can Endos and Cannery Row,
Inc. to negotiate the final selling price of your product. You
work with other company employees to design a can label for
your product. Then, you negotiate the price your company will
pay Cannery Row, Inc. to manufacture the can bodies with
labels lithographed onto the can. You submit the agreed upon
label design to Cannery Row, Inc. who then produces the label
on the can bodies. You also negotiate a price with Can Endos
to acquire can ends. You will wheel and deal to reach an
agreement on the price. Confer with other members of your
company to set the final price. The company manager must
approve the price.
Acquisition Specialist: You purchase all supplies from Ship
Shape Supplies Co. and you make the transportation agreement
with The Waste Place. You are responsible for acquiring can
bodies and their labels from Cannery Row, Inc. and the can
ends from Can Endos. You create the beverage that will fill
the cans acquired. See the Ocean Dew Beverage Co. Company
Guidelines Sheet for more information. You are also responsible
for keeping accurate records of all company revenue and
expenses on the Ledger Sheet. You will need to have approval
from your company manager for any purchase over $5,000.00.
You will report final numbers. Additionally, you work with
other company employees to design a can label for your product.
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Engineer: You determine the final can assembly process for
your end product. Your goal is to create complete cans by
crimping the can end to the body in the most cost and time
efficient way. You work with other company employees to fill
cans with your product. You work with Can Endos to determine
the most effective can opening for consumption. You will work
with the acquisition specialist to identify materials you will
need. You will complete all quality assurance testing. See the
Ocean Dew Beverage Co. Company Guidelines Sheet for more
information. The company manager will help you should your
workload become overwhelming. All engineering practices
MUST be completed wearing gloves.
Company Manager: You are ultimately responsible for the
company’s success or failure as CEO. Your primary responsibility
is to complete a marketing plan to sell your product that
exceeds customer expectations. Use the Ocean Dew Beverage Co.
Marketing Plan Sheet as a guide. In your capacity, you serve to
empower employees, create a safe productive and rewarding
work environment, and encourage integrity in all relationships.
You work with other company employees to design a can
label for your product. You need to work with the engineer to
maintain the workload, negotiate prices created by the sales
manager, check the accounting ledger regularly, and work with
all company members to determine the price of your product.
You work with other company employees to fill cans with your
quality product. You make the company sign.

ACQUIRE YOUR STARTING EQUIPMENT
In your Company Envelope, you will find:
1 Plant site (poster board or large butcher paper)
2 Accountant’s Ledger Sheets
1 Student Direction Sheet
1 Cash envelope with money
1 Ocean Dew Beverage Co. Marketing Plan Sheet
10 Sheets of green paper
1 Ocean Dew Beverage Co. Company Guidelines Sheet
2 Ocean Dew Beverage Co. Label Design Template Sheets
You will need to buy the following from Ship Shape
Supplies Co.:
Waste Container(s) (Dixie™ cup)
1 Pair of scissors
Markers or colored pencils (for company sign)
2 Pairs of gloves
Sign Paper (colored paper)
1 Lithography marker
1 Crimper (tweezers)
Additional Ocean Dew Beverage Co. Label Design Template Sheets
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Acquire the following elsewhere:
1 Truck (see The Waste Place)

OCEAN DEW BEVERAGE CO.

Label design template:
• Must use only one color for label.
To create your beverage:
• Cut green sheets of paper into quarters.
• Take each quarter and crinkle into a loosely formed ball.
• Place balls of paper into cans until the can is full.
To completely assemble your product (cans):
• Fill can body with crinkled paper.
• Use the Crimper to attach can end to the top.
• Perform Quality Assurance Test.
Quality Assurance Test:
• Can you read the label? If not, return the can body to Cannery Row, Inc.
• Must be completed after each can is full and the end is attached.
• Turn over can so that the top is toward the ground. If the lid falls off, you must reattach it prior to
selling to the School Marm.
• Is the mouth opening sufficient for your needs? Does it meet the design requirements your company
and Can Endos agreed upon? If not, return the can end to Can Endos.
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OCEAN DEW BEVERAGE CO. — LABEL DESIGN

Your label design must fit entirely on this template. Design the label your company believes will best sell
the product, provides helpful consumer information, and acts as a 360° display board. Present the label
to Cannery Row, Inc. for production.
Dimensions: 6" x 3" inches
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OCEAN DEW BEVERAGE CO.

Complete this sheet to determine the best possible marketing plan for your company.
Name of Product:
Cost of Product per unit:
Describe the consumer (age, income, interests, etc.): Who are you selling to?
(HINT: You are selling to the School Marm at a middle school.)

How will you distribute your product?

What is the shipment size that is financially feasible? (How many units per shipment?)

Where will you advertise your product?

How will the product be distributed at the school?

Are there ways that Ocean Dew Beverage Co. can support the community where you do business?
(HINT: Does the school have a recycling program for aluminum beverage cans?)
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THE WASTE PLACE
ROLE CARD & RESPONSIBILITIES BY JOB SHEET
Your company has leased a large plot of land that has been
zoned for waste disposal. There are different types of waste and
waste disposal, and this may affect your customers’ costs. Your
company specializes in waste disposal and recycling. To achieve
this task, you should:
1. Assign company roles.
2. Acquire your starting equipment.
3. Make your company sign using exactly two colors of paper.
4. Determine price and prepare trucks for lease or sale.
5. Purchase materials from Ship Shape Supplies Co.
6. Create gridlines for landfill.
7. Follow Recycling and Waste Guidelines Sheet to create
informational brochures for each company.
8. Meet with each company and review recycling and waste
guidelines. Meet with companies in this order:
- Ocean Dew Beverage Co.
- Can Endos
- Cannery Row, Inc.
- Coils R Us
- Boxed Up Bauxite Co.
- Ship Shape Supplies Co.
9. Accept waste and recycling. Negotiate price with companies
to allow them to dispose of waste and recycling at your
facility.
10. Accept recycled cans from the School Marm. Pay $25.00
per can.
11. Recycle aluminum cans. See the Recycling Information on
The Waste Place Company Guidelines Sheet for directions.
12. Sell recycled aluminum to Coils R Us.

DETERMINE COMPANY ROLES:
Public Relations Specialist: Review recycling and waste
guidelines. You work with the Sanitation Engineer to create
information brochures and meet with each company to inform
them about guidelines. Work with Sanitation Engineer, Facility
Manager, and Accountant to set recycling goals.
Accountant: You purchase all supplies from Ship Shape
Supplies Co. You sell recycled aluminum to Coils R Us. You are
also responsible for keeping accurate records of all company
revenue and expenses on the Ledger Sheet. You will need to
have approval from your company manager for any purchase
over $5,000.00. You must keep records of how much each
company shipped to you and how much you charged them.
You will report final numbers. Estimate number of years of
landfill capacity available; how much waste the community
generates and percentage being recycled. Provide this information
to Company Manager.
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Sanitation Engineer: You monitor all waste as it arrives, to
ensure the companies are following disposal guidelines. You
work with the Public Relations specialist to create information
brochures for each company outlining recycling and waste
guidelines. You create landfill space and regulate any waste
coming into the landfill. Start with a waste disposal site (green
construction paper). Make gridlines on your site so it is covered
with 1" boxes. You will charge companies for each square they
cover with waste. Work with the accountant to decide how
much to charge for each square. You also work with the
company manager and accountant to negotiate a price for
recyclable materials coming to your site. You will work with the
accountant to determine any additional supplies you might
need. Regulate waste and recyclables coming to the landfill.
Conduct a waste and recycling audit (see The Waste Place Ledger
Sheet) and share findings with the other company employees.
Company Manager: You are ultimately responsible for
the company’s success or failure. You need to work with the
sanitation engineer to maintain the workload, negotiate prices,
check the accounting ledger regularly, and work with all
company members to determine prices for your products and
services. As the facility liaison, you will monitor customers’ and
business needs, empower employees, create a safe, productive
and rewarding work environment, and support the communities
where you do business. You also make the company sign. Your
company owns numerous trucks approved for legal transportation
of goods and waste. You must immediately determine what
you will charge each company to lease or buy your vehicles.
Each company will need a truck in order to ship their product
and waste properly.

ACQUIRE YOUR STARTING EQUIPMENT
In your Company Envelope, you will find:
1 Plant site (poster board or large butcher paper)
2 The Waste Place Ledger Sheets
1 Student Direction Sheet
1 Cash envelope with money
1 The Waste Place Company Guidelines Sheet
2 Rulers
1 Recycling and Waste Guidelines Sheet
2 Pencils
1 Green piece of construction paper (landfill land)
7 Paper Plates for Trucks
1 Brown piece of construction paper (recycling plant site)
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You will need to buy the following from Ship Shape
Supplies Co.:
1 Pair of scissors
Colored Paper (brochures)
Markers or colored pencils (for company sign)
2 Pairs of gloves
Sign Paper (colored paper)
1 Flattener (rolling pin or ruler)
3 Pairs of safety goggles
3 Hard hats (baseball caps)
Additional landfill land (green construction paper)
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THE WASTE PLACE — RECYCLING AND WASTE

Waste Disposal:
• All waste must be transported by truck to the landfill.
• All waste that is NOT recyclable (anything other than aluminum) is to be separated from recyclable
materials prior to transport. Reject contaminated loads.
• Non-recyclable materials include: sealant (tape), marbles, etc.
• All waste and recyclables must be handled using safety precautions (wearing gloves) and in an
environmentally friendly manner. Handling industrial scrap requires wearing gloves and hard hats.
• Cost for waste disposal will be negotiated with The Waste Place upon transport.
Recycling:
• Only separated, clean, and dry recyclable materials will be accepted.
• Recyclable materials include ONLY aluminum pieces and products.
• Aluminum pieces smaller than 1 square inch will be disposed of and deemed non-recyclable.
• Negotiate sale of recyclables and shipping to recovery/smelting facility (Coils R Us).
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Important Notes:
• Everything must lie flat in the waste disposal site. Nothing can be on top of anything else. When the
waste disposal site is almost full, you will need to find more space. You can buy more land from Ship
Shape Supplies Co.
• You can negotiate prices with companies wishing to dump waste or recycle.
• You must PAY the School Marm $25.00 per can recycled.
• You must keep accurate records of all your transactions at the landfill. All materials must be transported
to the landfill by trucks or you will not accept them.
• ALL EMPLOYEES: when handling waste or recyclables, you MUST wear safety goggles and a hard hat.
The cost of your lease from the city is $500.00. After paying for your lease, your company starts with an
initial cash balance of $500.00.
Recycling Information: You will act as the town’s recycling center. When the School Marm (teacher)
brings cans to you for recycling, you must separate can pieces (end and body) and flatten them. Then, cut
each flattened piece in half. Sell pieces to Coils R Us where they will be turned into reusable aluminum.
Additionally, you must pay the School Marm $25.00 for each can that is recycled. When companies bring
pieces of aluminum foil they consider waste, they must negotiate a price for disposal or recycling. Then,
you have the opportunity to sell any recyclable (aluminum) materials to Coils R Us for recycling. All
recycling must take place on the recycling plant’s grounds (brown sheet of paper).
RECYCLING PROCESS:
1. Separate aluminum can ends from bodies.
2. Flatten all aluminum pieces.
3. Cut aluminum pieces in half.
4. Negotiate a price for recycled aluminum with Coils R Us.
5. Sell and ship to Coils R Us.
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Employee Names: __________________________________________________________________________

COMPANY NAME

# OF ITEMS

# OF SQUARES

# OF RECYCLABLE
PIECES

TOTAL REVENUE

RECYCLABLE MATERIALS
SOLD TO COILS R US

COST

# OF SQUARES
SAVED

________

TOTAL REVENUE

TOTAL REVENUE:
– TOTAL EXPENSES:
= PROFIT (LOSS):
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SHIP SHAPE SUPPLIES CO.
ROLE CARD & RESPONSIBILITIES BY JOB SHEET
Your company sells the materials and transportation for all
businesses. You need to immediately set your prices for each
material you have in stock. To achieve this task, you should:
1. Assign the roles below.
2. Make your company sign using exactly two colors of paper.
3. Determine appropriate disposal for waste. Talk with The
Waste Place to determine the best option.
4. Use your materials cost list to determine how much to
charge for each item (this shows you how much you had
to pay for each item).
5. Display your prices.
6. Open for business.
Your company starts with an initial cash balance of $1000.00
because of a loan you received from the bank to acquire your
store’s stock of supplies. You must first pay back your loan
before making any profit. All production and storage of
materials must take place on your plant site. You must
lease or buy a truck from The Waste Place should you need
transportation.

DETERMINE COMPANY ROLES:
Sales Manager: You work with your company manager to set
the final selling price of the items in your store and of the
transportation you lease and/or sell. You might need to wheel
and deal to reach an agreement on the price, and you must be
careful about competition and illegal sales. The prices must be
approved by your company manager. You are also responsible
for helping to make sales once the store is in business and
noting any new requirements for supplies your customers
might have. Keep all other company employees in the loop.
Acquisition Specialist: You take inventory of all supplies in
your warehouse. You are also responsible for keeping accurate
records of all company revenue and expenses on the Ledger
Sheet. No transportation lease/sale should take place without
you noting it on your ledger. You will report final numbers.
Display Engineer: You determine how your items should be
displayed to enhance sales. Work with the acquisition specialist
to determine what you have in stock in your warehouse. Make
sure that your storefront has at least one item representing your
supplies displayed at all times.
Company Manager: You are ultimately responsible for the
company’s success or failure. You need to work with the engineer
to maintain the products in your storefront, finalize prices
recommended by the sales manager, check the accounting
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SHIP SHAPE SUPPLIES CO., PAGE 2
ledger regularly, empower employees, create a safe, productive
work environment, and make sales. As the company’s liaison,
work with the Sales Manager to sell supplies, assess customer
needs, be innovative, embrace change, and exceed customer
expectations. You make the company sign. Use the Ship Shape
Supplies Co. Price Sheet to help make final price decisions.

ACQUIRE YOUR STARTING EQUIPMENT
In your Company Envelope, you will find:
1 Store site (poster board or large butcher paper)
1 Student Direction Sheet
1 Cash envelope with money
2 Ship Shape Supplies Co. Ledger Sheets
2 Markers (for store sign)
4 Ship Shape Supplies Co. Price Sheets
Acquire the following elsewhere:
1 Truck (see The Waste Place)
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SHIP SHAPE SUPPLIES CO.

Employee Names: __________________________________________________________________________

RAW MATERIAL
Plant Site
(poster sized butcher paper or posterboard)
The Waste Place Landfill land
(green construction paper)
Waste Containers (Dixie™ cups)
Scissors
Gloves
Hard Hats (baseball caps)
Rulers
Mining Shovel (kitchen tongs)
Mining Face Shield (goggles)
Can Endos Template Sheet
Label Design Template Sheet
Lithography Markers (permanent markers)
Flattener (rolling pin)
Can Body Template Material (butcher paper)
Sharpened Pencils
Safety Goggles
Crimper (tweezer)
Juice Cans
Sealant (Tape)
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AMOUNT YOU PAID
$150.00 per site
$400.00 per sheet
$25.00 per cup
$25.00 per pair
$25.00 per pair
$25.00 per hat
$25.00 per ruler
$400.00 per tong
$150.00 per pair
$25.00 per sheet
$25.00 per sheet
$25.00 per marker
$50.00 per flattener
$25.00 per sheet
$25.00 per pencil
$100.00 per pair
$100.00 per pair
$150.00 per can
$25.00 per 6 inches

AMOUNT YOU
WILL CHARGE

NOTE PRICE
CHANGES HERE

SHIP SHAPE SUPPLIES CO.

Employee Names: __________________________________________________________________________
Start with raw materials such as various kinds of paper, etc. Decide how you want to charge for each of them.
Financial Reporting: Keep a record of the products each company buys and the cost.

RAW MATERIAL

BUYER

NUMBER OF ITEMS

COST PER ITEM

TOTAL COST
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ACCOUNTANT’S

Company Name: ____________________________________________________________________________
Employee Names: __________________________________________________________________________
Starting Balance: ________________________________ Ending Balance: ______________________________

WHAT YOU PAID FOR (EXPENSES)

PRICE

TOTAL EXPENSES:
WHAT YOU EARNED (REVENUE)

PRICE

TOTAL REVENUE:
TOTAL REVENUE:
– TOTAL EXPENSES:
= PROFIT (LOSS):
140

141

Company Name: ____________________________________________________________________________
Employee Name: ____________________________________________________________________________
Complete the following:
Total Revenue this Quarter

$

Total Expenses this Quarter

$

Summarize Company Goals below:

Was your company able to achieve those goals during this quarter? If not, why not? If so, what were the keys
to your success?

Describe and assess your role in the company during this quarter:

How did recycling affect your company’s bottom line?
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LANDFILLS: FROM LEFTOVERS TO LEACHATE

BACKGROUND:

See the Teacher Information
Sheet in this lesson for
detailed information.

GOAL:
Through the knowledge
of how landfills work,
students will develop a
better understanding of
where their trash goes
after it leaves their home.
Students will investigate
the relationship between
landfills and recycling.

OBJECTIVES:
Students will…
• Understand the different
parts of a landfill and
how landfills work.
• Conduct experiments
to measure the effect
of leachates through a
simulated landfill core.
• Draw conclusions about
the benefits of recycling
through increased
knowledge about where
their trash goes.

TIME REQUIRED:
Six, 45–60 minute periods

STANDARDS MET:
G5, S1, S2, S3, S7
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MATERIALS:

(FOR A CLASS OF 30)
• Copies of all student sheets and lab sheets
• Overhead transparencies of Landfill Cross Section Student
Sheets 1 & 2
• 10 - 16" Long, 2" diameter PVC pipes
• 5000 ml of gravel (500ml per lab group)
• 5000 ml of sand (500ml per lab group)
• 2500 ml of powered laundry detergent (250ml per lab
group)
• 10 - 2" PVC end caps with 1/8" holes drilled in them or
6" squares of wire mesh screen
• 2 Rolls of masking tape
• 20 - 500 ml beakers
• Several pH test strips
• 30 Sheets of graph paper
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PROCEDURE
PREP
• Gather materials for the leachate lab.
• Prepare materials. Drill 1/8 inch holes in PVC end caps or
cut squares of wire mesh screen.
• Refer to the diagram of the leachate tube.

DAY ONE
• Introduce students to landfills through the background
information.
• Ask students: Where does your trash go after landing in the
wastebasket? Where is ‘away’? Where does your trash go if it
is put in the recycle bin?
• Explain to students that the purpose of this investigation is
to understand the parts of a landfill and the process
involved in an active landfill.
• Put students into groups of 3. These groups will be their lab
groups throughout this lesson. Allow the rest of the class
period for them to research landfills (web, library, etc.)
using the following questions to guide their research:
– What are the major components of a landfill?
– How does a landfill operate?
– What monitoring systems are in place to deal with the
landfill by-products?
– What role does the recycling center or a Material Recovery
Facility (MRF) have in landfill operation?
• Students will use the gathered information for the remainder
of the lesson.

DAY TWO
• Review each group’s research findings. Write ideas on the
board or overhead.
• In order to further identify the different parts of a landfill
and the inter-workings of an active landfill, hand out copies
of the Landfill Cross Section Student Sheet 1 to each group.
• Put the Landfill Cross Section Student Sheet 1 Overhead
Reproducible on the overhead projector.
• With students, identify the parts of the landfill represented
on the sheet.
• Hand out the Landfill Cross Section Student Sheet 2 to each
group.
• Put the Landfill Cross Section Student Sheet 2 Overhead
Reproducible on the overhead projector.
• With students, identify the parts of the landfill represented
on the sheet.
• Explain to students that tomorrow will be spent looking at
the role leachate plays in a landfill and the effects that it has
on the environment.
NOTE: This day sets the stage for students to discover the role
recycling plays at a landfill. It is not discussed at length until
students have collected data and drawn their own conclusions.
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DAY THREE

ASSESSMENT
• Completed
Student Sheets
• Completed
Leachate Lab
Sheets

• Review information students have gathered over the past
two days highlighting the concept of leachate. How is it
created? What role does it play in a landfill? Is it beneficial
or harmful? Where does it go? How is it treated?
• Explain that the goals of this experiment are to simulate the
leachate found within a landfill and explore the importance
of recycling materials before they enter the landfill.
• Hand out the Simulated Landfill Leachate Lab to each group
of students.
• Students will construct a leachate tube out of a PVC pipe
and use it for data collection.

DAY FOUR
• Students will collect data from the previous day’s discharge
beaker and repeat the lab for another 24-hour period.
• Introduce the pH chart to students.
• Discussion questions for the day include: What effect would
the level of pH have on the living and nonliving components
in the environment? Predict how the pH level will change
for the next collection period. What materials in a landfill
are responsible for creating this pH level?
• Refer to the pH Information Sheet for additional guidance.

DAY FIVE
• Students will collect data from the previous day’s discharge
beaker and repeat the lab for another 24 hour period.
• Discussion questions for the day include: What effect would
the recorded level of pH have on the living and nonliving
components in the environment? Predict how the pH level
will change for the next collection period. How could you
make a positive effect on a landfill by reducing the amount
of leachate created and changing the pH level of the
leachate?
• Refer to the pH information sheet for additional guidance.

DAY SIX
• Students will collect data from the previous day’s discharge
beaker and complete the questions on the Simulated Landfill
Leachate Lab.
• Discussion questions for the day include: What effect would
the recorded level of pH have on the living and nonliving
components in the environment?
• Refer to the pH Information Sheet for additional guidance.
• Refocus the students to critically examine the role of
recycling in the operation of a landfill. Recycling efforts
reduce the amount of waste placed into the landfill,
increasing the life of the landfill. Recycling keeps many
hazardous materials (batteries, chemicals, plastics, metals)
from entering the landfill, thus reducing the amount of
leachate produced in a landfill.
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TEACHER BACKGROUND
INFORMATION SHEET
Americans generate trash at an astonishing rate of 4.41 pounds
per day per person or 229.2 million tons per year! This is
almost twice as much trash per person as most other major
countries. What happens to this trash? Some gets recycled or
recovered and some is burned, but the majority is buried in
landfills.
Of the 229.2 million tons of trash, or solid waste, generated
in the United States annually about 55 million tons, or 29.7
percent (1.3 pounds per person per day), is either recycled
(aluminum, glass, paper products, plastic, metals) or composted
(yard waste). The remaining trash is discarded and is made
up of mostly paper products, plastics, yard waste and wood
(Figure 1).

2001 Total MSW Generation—
229 Million Tons (Before Recycling)
YARD TRIMMINGS (28.0 MIL TONS)
12%

FOOD SCRAPS (26.2 MIL TONS)
11%
OTHER (3.5 MIL TONS)
3%

WOOD (113.2 MIL TONS)
6%
RUBBER, LEATHER & TEXTILES
(16.3 MIL TONS)
7%

PLASTICS (25.4 MIL TONS)
11%

PAPER (81.9 MIL TONS)
36%

METALS (18.1 MIL TONS)
8%
GLASS (12.6 MIL TONS)
6%

FIGURE 1
Source: EPA Release-Municipal Solid Waste in The United States: 2001 Facts and
Figures; website: www.epa.gov/epaoswer/non-hw/muncpl/pubs/msw2001

HOW IS TRASH DISPOSED?
The trash production in the United States has almost tripled
since 1960 (Figure 2). This trash is handled in various ways.
About 29.7 percent of the trash is recycled or composted, 14.7
percent is combusted with energy recovery and 55.7 percent
is buried in landfills. The amount of trash buried in landfills
has doubled since 1960. The United States ranks about in the
middle of the major countries (United Kingdom, Canada,
Germany, France and Japan) in landfill disposal. The United
Kingdom ranks highest, burying about 90 percent of its solid
waste in landfills.
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Municipal Solid Waste Management, 1960–2001
250
Recovery of the composting
component of recycling
200

MILLION TONS

Recovery for recycling

150

Combustion

100
Landfill, other disposal
50

0
1960

1965

1970

1975

1980

1985

1990

1995

2000

FIGURE 2

WHAT IS A LANDFILL?
A landfill is a carefully designed structure built into or on top
of the ground in which trash is isolated from the surrounding
environment (groundwater, air, rain). This isolation is
accomplished with a bottom liner and daily covering of soil.
Many people refer to landfills as dumps. The term ‘dump’ is
an old term for a landfill. A dump is defined as a site used to
dispose of solid waste without environmental controls.
Dumps are not considered a legal option for waste disposal.
The Environmental Protection Agency’s website states, “Modern
landfills are well-engineered facilities that are located, designed,
operated, monitored, closed, cared for after closure, cleaned
up when necessary, and financed to insure compliance with
federal regulations. The federal regulations were established to
protect human health and the environment.” The purpose of a
landfill is to bury the trash in such a way that it will be isolated
from groundwater, kept dry and not be in contact with air.

BOTTOM LINER SYSTEM
A landfill’s major purpose and one of its biggest challenges
is to contain the trash so that the trash does not cause future
environmental problems. The bottom liner prevents the trash
from coming in contact with the outside soil, particularly the
groundwater. In MSW landfills, the liner is usually some type
of durable, puncture-resistant synthetic plastic (polyethylene,
high-density polyethylene, polyvinylchloride). It is usually
30–100 mils thick. The plastic liner may also be combined
with compacted clay soils as an additional liner. The plastic
liner also may be surrounded on either side by a fabric mat
(geotextile mat) that will help to keep the plastic liner from
tearing or puncturing from the nearby rock and gravel layers.
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CELLS (OLD AND NEW)
Perhaps, the most precious commodity and overriding problem
in a landfill is air space. The amount of space is directly
related to the capacity and usable life of the landfill. If you can
increase the air space, then you can extend the usable life of the
landfill. To do this, trash is compacted into areas, called cells,
which contain only one day’s trash. In the North Wake County
Landfill in Raleigh, North Carolina, a cell is approximately
50 feet long by 50 feet wide by 14 feet high (15.25m x 15.25m
x 4.26m). The amount of trash within the cell is 2,500 tons
and is compressed at 1,500 pounds per cubic yard! This
compression is done by heavy equipment (tractors, bulldozers,
rollers and graders) that go over the mound of trash several
times. Once the cell is made, it is covered with 6 inches of soil
and compacted further. Cells are arranged in rows and layers
of adjoining cells (lifts).

STORM WATER DRAINAGE
It is important to keep the landfill as dry as possible to
reduce the amount of leachate. This can be done in two ways:
• Exclude liquids from the solid waste. Solid waste must be
tested for liquids before entering the landfill. This is done
by passing samples of the waste through standard paint
filters. If no liquid comes through the sample after 10
minutes, then the trash is accepted into the landfill.
• Keep rainwater out of the landfill. To exclude rainwater, the
landfill has a storm drainage system. Plastic drainage pipes
and storm liners collect water from areas of the landfill and
channel it to drainage ditches surrounding the landfill’s base.
The ditches are either concrete or gravel-lined and carry water
to collection ponds on the side of the landfill. In the collection
ponds, suspended soil particles are allowed to settle and the
water is tested for leachate chemicals. Once settling has
occurred and the water has passed tests, it is then pumped or
allowed to flow off-site.

LEACHATE COLLECTION SYSTEM
No system to exclude water from the landfill is perfect, and
water does get into the landfill. The water percolates through
the cells and soil in the landfill much like water percolates
through ground coffee in a drip coffee maker. As the water
percolates through the trash, it picks up contaminants (organic
and inorganic chemicals, metals, biological waste products
of decomposition) just as water picks up coffee in the coffee
maker. This water with the dissolved contaminants is called
leachate and is typically acidic.
To collect leachate, perforated pipes run throughout the
landfill. These pipes then drain into a leachate pipe, which
carries leachate to a leachate collection pond. Leachate can
be pumped to the collection pond or flow to it by gravity.
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The leachate in the pond is tested for pH and acceptable
levels of various chemicals (biological and chemical oxygen
demands, organic chemicals, calcium, magnesium, iron,
sulfate, and chloride) and allowed to settle. After testing, the
leachate must be treated like any other sewage/wastewater;
the treatment may occur on-site or off-site. At the North Wake
County Landfill, leachate is released to the wastewater treatment
plant in Raleigh, where it is treated and released into the Neuse
River. Some landfills recirculate the leachate and later treat it.
This method reduces the volume of leachate from the landfill,
but increases the concentrations of contaminants in the
leachate.

METHANE COLLECTION SYSTEM
Bacteria in the landfill break down the trash in the absence of
oxygen (anaerobic) because the landfill is airtight. A byproduct
of this anaerobic breakdown is landfill gas, which contains
approximately 50 percent methane and 50 percent carbon
dioxide with small amounts of nitrogen and oxygen. This
presents a hazard because the methane can explode and/or
burn. So, the landfill gas must be removed. To do this, a series
of pipes are embedded within the landfill to collect the gas.
In some landfills, this gas is vented or burned.
More recently, it has been recognized that this landfill gas
represents a usable energy source. The methane can be extracted
from the gas and used as fuel. In the North Wake County
Landfill, a company collects the landfill gas, extracts the
methane, and sells it to a nearby chemical company to power
its boilers. The extraction system is a split system, meaning that
methane gas can go to the boilers and/or the methane flares
that burn the gas. The reason for the split system is that the
landfill will increase its gas production over time (from 300
cubic feet per minute to 1,250 cubic feet per minute) and
exceed the capacity of the boilers at the chemical company.
Therefore, the excess gas will have to be burned. It is not
cost-effective to compress the excess gas to liquid and sell it.

COVERING OR CAP
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As mentioned above, each cell is covered daily with 6 inches
of compacted soil. This covering seals the compacted trash
from the air and prevents pests (birds, rats, mice, flying insects,
etc.) from getting into the trash. This soil takes up quite a bit of
space. Because space is a precious commodity, many landfills
are experimenting with tarps or spray coverings of paper or
cement/paper emulsions. These emulsions can effectively cover
the trash, but take up only a quarter of an inch instead of
6 inches!
When a section of the landfill is finished, it is covered
permanently with a polyethylene cap (40 mil). The cap is
then covered with a 2-foot layer of compacted soil. The soil is
then planted with vegetation to prevent erosion of the soil by
rainfall and wind. The vegetation consists of grass and kudzu.
No trees, shrubs or plants with deep penetrating roots are used
so that the plant roots do not contact the underlying trash and
allow leachate out of the landfill.

GROUNDWATER MONITORING
Groundwater monitoring stations are located at many points
surrounding the landfill. These are pipes that are sunk into
the groundwater so water can be sampled and tested for the
presence of leachate chemicals. The temperature of the groundwater is measured. Because the temperature rises when solid
waste decomposes, an increase in groundwater temperature
could indicate that leachate is seeping into the groundwater.
Also, if the pH of the groundwater becomes acidic, that could
indicate seeping leachate.
Information for Background adapted from howstuffworks:
http://people.howstuffworks.com/landfill.htm/printable
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pH INFORMATION SHEET
WHAT IS pH?
A pH scale is used to measure the amount of acid in a liquid,
like water. Because acids release hydrogen ions, the acid content
of a solution is based on the concentration of hydrogen ions
and is expressed as “pH.” This scale is used to measure the
acidity of rain samples.
0 = maximum acidity
7 = neutral point in the middle of the scale
14 = maximum alkalinity (the opposite of acidity)
The smaller the number on the pH scale, the more acidic the
substance is. Rain measuring between 0 and 5 on the pH scale
is acidic and therefore called “acid rain.” Small number
changes on the pH scale actually mean large changes in acidity.

For example, a change in just one unit from pH 6.0 to pH 5.0
would indicate a tenfold increase in acidity. Clean rain usually
has a pH of 5.6. It is slightly acidic because of carbon dioxide
which is naturally present in the atmosphere. Vinegar, by
comparison, is very acidic and has a pH of 3.
Adapted from: http://www.ec.gc.ca/acidrain/kids.html

IMPACT OF pH
The pH level in rivers, lakes, and streams is an important
biological indicator because low pH levels are harmful to most
living organisms. The pH of river water is the measure of how
acidic or basic the water is on a scale of 0–14, with 7.0 being
neutral. The pH in rivers should be between 6.5 and 8.5 to
protect freshwater life. It is important to remember that the pH
scale is logarithmic, not linear, and a change from 8.5 to 6.5
means that the water is 100 times more acidic.
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Low pH levels affect physiological functions, by affecting the
activity, stability, and solubility of enzymes. Enzymes, which
are the catalysts for bringing about almost all biochemical
reactions in living organisms, have an optimum pH level in
which they are most active and a narrow range in which they
are effective. The safe pH range for human blood, for example,
is between 7.35 and 7.45. At lower pH levels, enzymes cannot
function well, slowing an organism’s metabolism. For more
detail on the physiological importance of pH levels, see the
University of Arizona’s The Biology Project or the biology
tutorial prepared by Merritt College instructor Frank Orme.
Low pH levels present a problem for most organisms with
the exception of bacteria, which can survive pH levels as low
as 2.0. Some species of fish and aquatic life are more sensitive
to low pH levels than others.
An additional problem with increased acidification of rivers
is that acidic water also speeds the leaching of heavy metals
harmful to fish. As acidification increases, aluminum, which
is a very common element in the earth’s crust, becomes more
soluble and is released from the soil into the water. Even low
levels of aluminum could cause respiratory difficulties.
For basic information on water quality measurements, see
the U.S. Geological Survey’s Water Science for Schools. The
U.S. Environmental Protection Agency provides access to each
state’s Biological Assessment Programs for Streams and Rivers
at its Biological Indicators of Watershed Health page. You can
find information about the water quality, including pH levels,
of the rivers in your community at this site. More information
on acid rain is also available at:
http://www.enviroliteracy.org/asktheexpert.php/18.html
Adapted from: http://www.enviroliteracy.org/asktheexpert.php/21.html
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LANDFILL CROSS SECTION

Name: ___________________________________________________ Date: _____________________________
Directions: List all of the parts of a landfill (A–K) and give a brief description of each part’s purpose.
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LANDFILL CROSS SECTION

LETTER

DESCRIPTION

A

B

C

D

E

F

G

H

I

J

K
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LANDFILL CROSS SECTION

Name: ___________________________________________________ Date: _____________________________
Directions: List all of the parts of a landfill (A–Q) and give a brief description of each part’s purpose.

©2000 How Stuff Works
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LANDFILL CROSS SECTION

LETTER

DESCRIPTION

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
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LANDFILL CROSS SECTION STUDENT SHEET 1
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LANDFILL CROSS SECTION STUDENT SHEET 2
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SIMULATED LANDFILL LEACHATE LAB

Name: ___________________________________________________ Date: _____________________________
Directions: Over the next three days, you will conduct an experiment with a simulated leachate monitoring system to determine
the effects of recycling on a landfill system.

MATERIALS (PER LAB GROUP) :
• 16 inch 2" diameter PVC pipe (leachate tube)
• 500 ml of gravel
• 500 ml of sand
• 250 ml of powered laundry detergent
• 2" Pre-drilled PVC end cap or 6" square of wire mesh screen
• Masking tape
• 2 - 500 ml beakers (one for discharge)
• Several pH test strips
• 4 Sheets graph paper

PROCEDURE:
1. Gather required materials. Refer to the Leachate Tube Diagram Sheet when setting up your lab.
2. Place either the pre-drilled PVC end cap or the mesh screen around one end of the leachate tube.
Tape it on the tube.
3. Pour approximately 2 inches of gravel in the leachate tube.
4. On top of the gravel, pour approximately 2 inches of sand.
5. On top of the sand, pour approximately 2 inches of powered laundry detergent.
6. On top of the powered laundry detergent, pour approximately 2 inches of sand.
7. On top of the sand, pour approximately 2 inches of gravel.
8. Leave approximately 6 inches of space to the top of the PVC tube. This will allow room for the
addition of water without overfilling the leachate tube.
9. To begin testing, stand leachate tube upright in a 500 ml beaker. This beaker will serve as the
discharge beaker.
10. Fill the second beaker with 400 ml of water.
11. Use a pH test strip to record the initial pH of the water on the data table.
12. Pour the 400 ml of water into the top of the PVC tube.
13. Leave the leachate tube for 24 hours.
14. After 24 hours, remove the leachate tube from the beaker.
15. Use a pH test strip to measure the pH of the discharge. Record the information on the data table.
16. Repeat steps 9–15 over the course of three days.
17. Complete the questions on the next page.

DATA TABLE
DAY 1
Initial
pH
Discharge
pH
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DAY 2

DAY 3

SIMULATED LANDFILL LEACHATE LAB

DATA ANALYSIS AND CONCLUSIONS
1. Compare the constructed leachate tube to a working landfill. Explain what the end cap, sand, gravel,
laundry detergent, and discharge beaker represent in an actual landfill.

2. With your sheet of graph paper, make a line graph showing your results (pH vs. Time).

3. What do you predict the pH level would be at Day 5? at Day 10? HINT: extend your data line out for a
further period of time.

4. If the leachate was released into the ground, what effect would the different levels of leachate pH have
on the environment?

5. Why is it important to reduce the amount of materials within a landfill?

6. What role does the recycling center (or Material Recovery Facility, MRF) have at the landfill site?

7. Is it important to recycle? Why? (Give at least 3 ideas to support your reasoning.)
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LEACHATE TUBE

Approximately 6" of
empty space

2" of gravel

2" of sand
16" PVC
2" of powdered
laundry detergent
2" of sand
Beaker

2" of gravel

Screen mesh taped to the
bottom of the PVC pipe
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TEACHER KEY

LANDFILL CROSS SECTION
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LETTER

DESCRIPTION

A

Ground Water: fresh water below the soil.

B

Compacted Clay: layer that will not allow water to pass through it; offers protection
of groundwater.

C

Plastic Liner: plastic sheet to keep all of the landfill’s contents in a given space.

D

Leachate Collection Pipe: collects the water that has percolated through the cells.

E

Geotextile Mat: liner directly above the plastic liner to keep it from tearing.

F

Gravel: layer to keep drainage system running, preventing contents from becoming
too compacted.

G

Drainage Layer: system to try to keep excess moisture from entering landfill.

H

Soil Layer: separates the cells, aids in compaction.

I

Old Cells: trash from previous day’s compacting.

J

New Cells: trash from current day’s collection.

K

Leachate Pond: collects the water that has percolated through the cells.
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DESCRIPTION

A
B

Recycling centers
Scale house

C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q

Access road
Sanitary landfill—closed
MSW landfill
New cell prep area
Drainage layer: system to try to keep excess moisture from entering landfill.
Storm drainage collection
Leachate collection pond
Methane vent
Methane pipe
Methane station
Monitoring pipe
Run-off collection basin
Storm drainage basin
Storm water pipe
To city treatment center

TEACHER KEY

SIMULATED LANDFILL LEACHATE LAB

Name: ___________________________________________________ Date: _____________________________
Directions: Over the next three days, you will conduct an experiment with a simulated leachate monitoring system to determine
the effects of recycling on a landfill system.

MATERIALS (PER LAB GROUP) :
• 16 inch 2" diameter PVC pipe (leachate tube)
• 500 ml of gravel
• 500 ml of sand
• 250 ml of powered laundry detergent
• 2" Pre-drilled PVC end cap or 6" square of wire mesh screen
• Masking tape
• 2 - 500 ml beakers (one for discharge)
• Several pH test strips
• 4 Sheets graph paper

PROCEDURE:
1. Gather required materials. Refer to the Leachate Tube Diagram Sheet when setting up your lab.
2. Place either the pre-drilled PVC end cap or the mesh screen around one end of the leachate tube.
Tape it on the tube.
3. Pour approximately 2 inches of gravel in the leachate tube.
4. On top of the gravel, pour approximately 2 inches of sand.
5. On top of the sand, pour approximately 2 inches of powered laundry detergent.
6. On top of the powered laundry detergent, pour approximately 2 inches of sand.
7. On top of the sand, pour approximately 2 inches of gravel.
8. Leave approximately 6 inches of space to the top of the PVC tube. This will allow room for the
addition of water without overfilling the leachate tube.
9. To begin testing, stand leachate tube upright in a 500 ml beaker. This beaker will serve as the
discharge beaker.
10. Fill the second beaker with 400 ml of water.
11. Use a pH test strip to record the initial pH of the water on the data table.
12. Pour the 400 ml of water into the top of the PVC tube.
13. Leave the leachate tube for 24 hours.
14. After 24 hours, remove the leachate tube from the beaker.
15. Use a pH test strip to measure the pH of the discharge. Record the information on the data table.
16. Repeat steps 9–15 over the course of three days.
17. Complete the questions on the next page.

DATA TABLE
DAY 1

DAY 2

DAY 3

Initial
pH
Discharge
pH

165

TEACHER KEY

SIMULATED LANDFILL LEACHATE LAB

DATA ANALYSIS AND CONCLUSIONS
1. Compare the constructed leachate tube to a working landfill. Explain what the end cap, sand, gravel,
laundry detergent, and discharge beaker represent in an actual landfill.
Discharge beaker — Leachate Pond: collects the water that has percolated through the cells.
End cap — Plastic Liner: plastic sheet to keep all of the landfill’s contents in a given space.
Sand — Soil Layer: separates the cells, aids in compaction.
Gravel — Gravel: layer to keep drainage system running, preventing contents from becoming
too compacted.
Laundry detergent: Waste put into the landfill.

2. With your sheet of graph paper, make a line graph showing your results (pH vs. Time).
Answers will vary.
3. What do you predict the pH level would be at Day 5? at Day 10? HINT: extend your data line out for a
further period of time.
Answers will vary.

4. If the leachate was released into the ground, what effect would the different levels of leachate pH have
on the environment?
The levels of pH, whether basic or acidic, can have negative effects on all living components and
nonliving components. Small differences in pH can actually aid in growth and decomposition,
but as concentrations rise they become toxic to the environment.

5. Why is it important to reduce the amount of materials within a landfill?
By reducing the amount of wastes entering the landfill, there will be less materials in the landfill.
By reducing the amount of waste, the landfill will operate more efficiently and produce less by-product.

6. What role does the recycling center (or Material Recovery Facility, MRF) have at the landfill site?
The recycling center or Material Recovery Facility (MRF) acts to keep out products that can be used
again, thus saving space in the landfill and reducing the amount of products that take a long period
of time to decompose.

7. Is it important to recycle? Why? (Give at least 3 ideas to support your reasoning.)
Cost efficiency, reduction of waste into landfill, less reliance on natural resources
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HOW TRASHY ARE YOU?
VOLUME CALCULATIONS

GOAL:
Students will use
M&Ms™ candy to show
the relationship between
the volume of waste and
the amount of land needed
to landfill the waste for
themselves, the classroom,
and the community. The
activity also demonstrates
to students the relationship
between metric units and
metric volumes.

OBJECTIVES:
Students will…
• Understand how
much waste the average
American generates
a day.

• Calculate how much
waste the average
American, their class
and their community
generates a year.
• Determine how much
land is needed to
landfill waste in the
community.
• Calculate the amount
of land reduced if
recycling rates increased
in the community.

TIME REQUIRED:
45–60 minute period

STANDARDS MET:
G5, M1, M2, M3, M8,
M11, M12, M13, LA7, LA12
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BACKGROUND:

Every year, the United States generates over 200 million tons
of “trash”—about 4.5 pounds per person per day. Generated
trash or municipal solid waste is either recovered for recycling,
including composting (29.7%), disposed of by energy generating
combustion (14.7%), or landfilled (55.7%). With forethought
and everyone’s support, we could reach EPA’s 35% recycling
goal and reduce the demand on virgin resources and conserve
our landfill space. Already, some local communities have
achieved waste reduction of 40 to 65%. EPA estimates an annual
savings to local governments of $1.3 billion over traditional
disposal methods from better management of 62 million tons
of organic waste (yard trimming, food scraps, and contaminated
paper) produced in the United States. In 2001, 25 million tons
of food scraps were generated and only 2.8% composted. We
all have a role. We can help by buying recycled products, making
sure your recyclables are not contaminated and are clean
and dry and are recycled, seeing that products are designed for
recycling, and making markets for secondary materials.

MATERIALS:

(FOR 30 STUDENTS WORKING IN GROUPS OF TWO):
• 2 Large bags of regular M&Ms™ candy
• 1 Centimeter cube
• 1 Decimeter cube
• 1 Meter cube
• 12 Calibrated meter sticks
• 1 Clean 100ml graduated cylinder
• 1 Funnel
• 16 Cups (8 oz.)
• Paper towels
• 15 Calculators
• Overhead calculator (optional)
• 1 Syringe
• 1 Sonic distance measurer or large metric tape measure
• Population number of your town
• Latex gloves
• 30 Copies of How Trashy Are You? Volume Calculations
Lab Sheet
• 30 Copies of How Trashy Are You? Food for Thought Sheet
• 30 Copies of How Trashy Are You? Waste Management
Data Sheet (5 pages)
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PROCEDURE
PREP
• Using a clean 100ml graduated cylinder and a funnel, fill
the cylinder with the M&Ms™ candies to the 100ml mark.
Pour these M&Ms™ candies into one cup. Continue this
process until 15 cups have 100ml of M&Ms™ candies in
them.
• Using 12 meter sticks and some duct tape, construct a cubic
meter, or—an easier way—make a metric cube out of PVC
pipe and connectors. You may want to select a group of
students to do this in the hallway at the beginning of class,
or you might want to do it yourself the night before.

IN CLASS
• Explain to students that they are going to figure out how
much land they use to dispose of their trash.
• Place students in groups of two.
• Give each group of 2 students a paper towel sheet, one
calculator, one 8 oz. cup filled with M&Ms™ candy, and
2 How Trashy Are You? Volume Calculations Lab Sheets.
• Have each group count how many M&Ms™ candy are in its
cup. Have them pick certain colors or wear gloves so that
they do not touch each other’s M&Ms™ candy.
• Ask each group to give the total number that it has in its
cup. Each student should record all the data and then
determine the class average.
• Have the class calculate the volume of 1 M&M™ in mls
(Divide 100 ml by the average number of M&Ms™ candy).
Do this activity with the students on the overhead using an
overhead calculator.
• Note: This number does not take the spaces between
M&Ms™ candy in the cup into account. If you want an
exact volume for each M&M™, you would have to add
water to the 100 ml mark of the graduated cylinder when
the M&Ms™ are in it, dump out the water, and subtract
this volume from 100. The answer, divided by the average
number of M&Ms™ candy would give you a much closer
estimate. However, the problem you are trying to solve in
this experiment includes the spaces, so this calculation is
not necessary.
• At this point, demonstrate the relationship between 1ml
and 1cm3. Fill a syringe to the 1cc mark and inject it into
an empty 1cm cube. The students will notice that they are
identical in volume. Have the students record the volume
of 1 M&M™ in cubic centimeters.
• Using a decimeter cube, demonstrate the relationship
between 1 cubic centimeter and a cubic decimeter.
• Calculate how many M&Ms™ candies would fit into a cubic
decimeter (divide answer #4 by answer #3).
• Show students your cubic meter.
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ASSESSMENT
• Completed
How Trashy Are
You? Volume
Calculations
Lab Sheet
• Completed
How Trashy Are
You? Food For
Thought Sheet
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• Demonstrate the relationship between a cubic decimeter
and a cubic meter. Have them calculate how many M&Ms™
candies will fit into a cubic meter (multiply answer #6 by
answer #5).
• Calculate the volume of your classroom by using a sonic
distance measurer, metric tape measure or several meter
sticks.
• Determine how many M&Ms™ candies will fit into your
classroom (multiply answer #7 by answer #8).
• Walk students through the math to determine how much
land is used for landfills in your community. You will need
to know the following:
• Population of your town.
• The average American produces 4.5 pounds of garbage.
• When garbage is taken to the landfill, it is compacted for
maximum density. The approximate density of one cubic
meter is 739 pounds.
• Hand out the How Trashy Are You? Waste Management Data
Sheet for student reference. If time allows, review some of
the interesting statistics included in the information.
• Have the students answer the How Trashy Are You? Food for
Thought Sheet questions while eating their M&Ms™ candies.
Collect calculators while they are answering the questions.
• Review and discuss How Trashy Are You? Food for Thought
Sheet answers prior to dismissing the class.
• Students should dispose of their cups and towels when
leaving class.

Name: ___________________________________________________ Date: _____________________________
How many M&Ms™ candy fit in 100ml? Write the number of M&Ms™ candy each group counted in the chart below. To get the
class average, add all groups’ numbers and divide by the number of groups in your class.

Your Cup:
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
Class Average:
1. What is the average volume of 1 M&M™ in ml?

____________

2. How many cm3 are there in 1ml?

____________

3. What is the volume of 1 M&M™ in cm3?

____________

4. How many cm3 are there in 1 dm3?

____________

5. How many M&Ms™ candy would fit into 1 dm3?

____________

6. How many dm3 are there in 1 m3?

____________

7. How many M&Ms™ candy would fit into 1 m3?

____________

8. What is the volume of the classroom in m3?
Length
Width
Height
Volume

____________m
____________m
____________m
____________m3
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9. How many M&Ms™ candy would fit into the classroom? ____________
10. The average American produces 4.5 pounds of garbage a day. How much garbage do you produce
a year?

11. When garbage is brought to the landfill, it is compacted to be as small as possible. A cubic meter of
garbage weighs approximately 739 pounds. How many cubic meters of garbage do you produce a year?

12. How many cubic meters of trash do the students in your classroom produce each year?

13. How many of your classrooms does it take to equal the amount of land used to landfill the garbage
produced by your class?

14. How many cubic meters of trash do the people in your community produce each year? (If you don’t
know the population of your community, ask your teacher how many people live in your town.)
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15. If each person recycled half of all the recyclable items in their garbage, the amount of waste would be
reduced by 10%. If everyone in your town recycled half of all the recyclable items in the garbage, how
many cubic meters of garbage would your town recycle?

16. If everyone in your town recycled half of all the recyclable items in the garbage, how many cubic
meters of garbage would your town send to the landfill?

17. How many classrooms would it take to landfill all the garbage in your community without recycling?
How many with recycling?

18. If your community only produced M&Ms™ candy as garbage, how many M&Ms™ candy would go into
your landfill a year?
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Name: ___________________________________________________ Date: _____________________________
How many M&Ms™ candy fit in 100ml? Write the number of M&Ms™ candy each group counted in the chart below. To get the
class average, add all groups’ numbers and divide by the number of groups in your class. Answers will vary.

Your Cup:
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
Class Average:
1. What is the average volume of 1 M&M™ in ml?

____________

2. How many cm3 are there in 1ml?

____________

3. What is the volume of 1 M&M™ in cm3?

____________

4. How many cm3 are there in 1 dm3?

____________

5. How many M&Ms™ candy would fit into 1 dm3?

____________

6. How many dm3 are there in 1 m3?

____________

7. How many M&Ms™ candy would fit into 1 m3?

____________

8. What is the volume of the classroom in m3?
Length
Width
Height
Volume
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____________m3
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PAGE 2
9. How many M&Ms™ candy would fit into the classroom? ____________
10. The average American produces 4.5 pounds of garbage a day. How much garbage do you produce
a year?
4.5 multiplied by 365 days = 1,642.50 pounds of garbage a year

11. When garbage is brought to the landfill, it is compacted to be as small as possible. A cubic meter of
garbage weighs approximately 739 pounds. How many cubic meters of garbage do you produce a year?
1,642.50 pounds divided by 739 pounds = 2.2 cubic meters of garbage

12. How many cubic meters of trash do the students in your classroom produce each year?
2.2 meters of garbage multiplied by the number of students in the class (30 students) =
66 cubic meters

13. How many of your classrooms does it take to equal the amount of land used to landfill the garbage
produced by your class?
Answers will vary depending upon the size of your classroom.

14. How many cubic meters of trash do the people in your community produce each year? (If you don’t
know the population of your community, ask your teacher how many people live in your town.)
Answers will vary–2.2 cubic meters of garbage multiplied by your community’s population.
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15. If each person recycled half of all the recyclable items in their garbage, the amount of waste would be
reduced by 10%. If everyone in your town recycled half of all the recyclable items in the garbage, how
many cubic meters of garbage would your town recycle?
Answers will vary depending upon your community’s population.

16. If everyone in your town recycled half of all the recyclable items in the garbage, how many cubic
meters of garbage would your town send to the landfill?
Answers will vary depending upon your community’s population.

17. How many classrooms would it take to landfill all the garbage in your community without recycling?
How many with recycling?
Answers will vary depending upon your community’s population and the size of your classroom.

18. If your community only produced M&Ms™ candy as garbage, how many M&Ms™ candy would go into
your landfill a year?
Hopefully, none. Instead, the candy would be composted. Answers will vary depending upon your
community’s population and the amount of diversion students use in their formula.
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Name: ___________________________________________________ Date: _____________________________
1. Do you think it would be possible to actually fill the classroom with M&Ms™ candies? Explain
your answer.

2. Would it be possible to fill your landfill with M&Ms™ candies? Explain your answer.

3. If you could fill the classroom with M&Ms™ candies, how would you do it?

4. If you were in the center of the room when it was filled with M&Ms™ candies, how long would it take
you to eat your way to the door?

177

TEACHER KEY

1. Do you think it would be possible to actually fill the classroom with M&Ms™ candies? Explain
your answer.
Probably not, the windows and doors could not handle the pressure from all the M&Ms™ candies.

2. Would it be possible to fill your landfill with M&Ms™ candies? Explain your answer.
Yes, you could easily fill the landfill with M&Ms™ candies using the same technique as filling the
landfill with garbage. Because it is not an enclosed space, the landfill would not experience any
outstanding pressure from the M&Ms™ candies. In addition, a landfill is carefully engineered and
maintained with heavy equipment to efficiently compact the municipal solid waste, maximizing
the capacity of the landfill. The better alternative to landfilling the M&Ms™ candies would be
composting them.

3. If you could fill the classroom with M&Ms™ candies, how would you do it?
Answers will vary. Some students may suggest filling it from the window, from above, while they are in
the classroom, etc.

4. If you were in the center of the room when it was filled with M&Ms™ candies, how long would it take
you to eat your way to the door?
Answers will vary.
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WASTE MANAGEMENT

Information contained in the charts and graphics below comes from the EPA Municipal Solid Waste
in the United States: 2001 Final Report, found on the web at:
http://www.epa.gov/epaoswer/non-hw/muncpl/pubs/msw2001.pdf

FIGURE ES-6: MANAGEMENT OF MSW IN THE U.S.—2001

Recovery 29.7%

Land Disposal 55.7%

Combustion 14.7%

TABLE ES-3
GENERATION, MATERIALS RECOVERY, COMPOSTING AND
DISCARDS OF MUNICIPAL SOLID WASTE, 1960–2001
(in pounds per person per day)

POUNDS PER PERSON PER DAY
1960

1970

1980

1990

1995

1999

2000

2001

Generation

2.68

3.25

3.66

4.50

4.45

4.65

4.52

4.41

Recovery for recycling

0.17

0.22

0.35

0.64

0.96

1.02

1.00

0.99

Recovery for composting*

Neg.

Neg.

Neg.

0.09

0.20

0.30

0.32

0.32

Total Materials Recovery

0.17

0.22

0.35

0.73

1.16

1.32

1.32

1.31

Discards after Recovery

2.51

3.03

3.31

3.77

3.29

3.32

3.20

3.10

179,979

203,984

227,255

249,907

263,168

272,691

281,422

284,797

Population (millions)

* Composting of yard trimmings, food scraps and other MSW organic material.
Does not include backyard composting.
Details may not add to totals due to rounding.
Source: Franklin Associates, Ltd.
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TABLE 23
PRODUCTS DISCARDED* IN THE MUNICIPAL WASTE STREAM, 1960–2001
(WITH DETAIL ON CONTAINERS AND PACKAGING)
(in percent of total discards)

PERCENT OF TOTAL DISCARDS
PRODUCTS
Durable Goods
(Detail in Table 14)
Nondurable Goods
(Detail in Table 17)

1960

1970

1980

1990

1995

1999

2000

2001

11.6%

12.1%

14.9%

15.9%

16.5%

17.7%

18.5%

19.3%

18.1%

18.9%

21.7%

25.2%

27.8%

28.2%

28.3%

27.1%

1.6%
1.3%
4.5%
7.4%

4.8%
1.7%
3.9%
10.4%

4.4%
1.8%
3.5%
9.6%

2.2%
1.1%
2.1%
5.4%

2.2%
0.8%
2.3%
5.2%

2.4%
0.9%
1.7%
5.1%

2.8%
0.9%
1.8%
5.1%

2.9%
0.9%
1.5%
5.3%

0.8%
4.5%
0.3%
5.6%

1.4%
3.1%
0.2%
4.7%

0.3%
2.0%
0.2%
2.5%

0.1%
1.1%
0.1%
1.3%

Neg.
0.7%
0.1%
0.8%

Neg.
0.7%
0.0%
0.7%

Neg.
0.7%
0.0%
0.7%

Neg.
0.6%
0.0%
0.7%

Neg.
Neg.
0.2%
0.2%

0.1%
Neg.
0.4%
0.5%

0.4%
Neg.
0.3%
0.7%

0.3%
Neg.
0.2%
0.5%

0.4%
Neg.
0.2%
0.7%

0.4%
Neg.
0.2%
0.7%

0.4%
Neg.
0.2%
0.7%

0.5%
Neg.
0.2%
0.7%

5.8%

8.8%

4.7%

4.3%

6.5%
0.8%
2.7%
0.2%
1.0%
0.0%
0.7%
11.5%

8.0%
0.3%
3.2%
0.1%
0.7%

5.4%
0.3%
3.1%
0.1%
0.7%

3.1%
18.2%

7.3%
0.3%
2.3%
0.2%
1.3%
0.1%
0.6%
12.0%

6.6%
0.3%
3.1%
0.1%
0.9%

3.3%
13.8%

7.8%
0.6%
2.4%
0.2%
2.5%
0.1%
0.4%
14.0%

1.1%
12.2%

1.0%
11.5%

1.1%
10.7%

0.2%
0.3%
0.8%
0.5%
0.9%
1.2%
3.9%
4.7%
0.1%

0.2%
0.3%
0.7%
0.7%
1.1%
1.4%
4.3%
4.6%
0.1%

0.3%
0.3%
1.4%
1.0%
1.5%
1.8%
8.1%
4.1%
0.1%

0.3%
0.3%
1.4%
1.0%
1.4%
1.7%
6.2%
4.2%
0.1%

0.3%
0.3%
1.5%
1.0%
1.5%
1.6%
6.3%
4.3%
0.1%

CONTAINERS & PACKAGING
Glass Packaging
Beer and Soft Drink Bottles
Wine and Liquor Bottles
Food & Other Bottles & Jars
Total Glass Packaging
Steel Packaging
Beer and Soft Drink Cans
Food and Other Cans
Other Steel Packaging
Total Steel Packaging
Aluminum Packaging
Beer and Soft Drink Cans
Other Cans
Foil and Closures
Total Aluminum Packaging
Paper & Paperboard Pkg
Corrugated Boxes
Milk Cartons**
Folding Cartons**
Other Paperboard Pkg
Bags and Sacks**
Wrapping Papers**
Other Paper Pkg
Total Paper & Board Pkg
Plastics Packaging
Soft Drink Bottles**
Milk Bottles**
Other Containers
Bags and Sacks**
Wraps**
Other Plastics Pkg
Total Plastics Packaging
Wood Packaging
Other Misc Packaging

0.1%

0.8%

0.1%
0.1%
2.4%
0.1%

1.0%
1.8%
1.8%
0.1%

0.2%
0.2%
0.6%
0.3%
0.6%
0.6%
2.5%
2.9%
0.1%

Total Containers & Pkg

29.7%

35.6%

32.2%

27.8%

27.4%

29.0%

28.5%

28.1%

Total Product Wastes†
Other Wastes
Food Scraps
Yard Trimmings
Misc Inorganic Wastes
Total Other Wastes

59.4%

68.6%

68.8%

68.3%

71.5%

75.0%

75.2%

74.5%

14.8%
24.2%
1.6%
40.6%

11.3%
20.6%
1.6%
33.4%

9.5%
20.1%
1.6%
31.2%

12.1%
17.9%
1.7%
31.7%

13.4%
13.1%
2.0%
28.5%

14.9%
8.2%
2.0%
25.0%

15.4%
7.3%
2.1%
24.8%

15.8%
7.5%
2.2%
25.5%

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

Total MSW Discarded – %
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* Discards after materials and compost recovery. Does not include construction & demolition debris, industrial process wastes,
or certain other wastes. Details may not add to totals due to rounding.
**Not estimated separately prior to 1980. Paper wraps not reported separately after 1996.
† Other than food products.
Neg. = Less than 5,000 tons or 0.05 percent
Source: Franklin Associates, Ltd.
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TABLE 17
PRODUCTS DISCARDED* IN THE MUNICIPAL WASTE STREAM, 1960–2001
(WITH DETAIL ON NONDURABLE GOODS)
(in thousands of tons and percent of total discards)

THOUSANDS OF TONS
PRODUCTS
Durable Goods
(Detail in Table 14)

1960

1970

1980

1990

1995

1999

2000

2001

9,570

13,720

20,440

26,350

26,130

29,430

30,320

31,040

5,290
1,820

7,260
2,210

8,030
3,110

8,320

6,130

6,830

6,060

4,850

930
1,880
3,600
430
3,910
5,650
2,970
970
770
780
3,010
4,270
4,410
610
3,320

940
1,660
4,080
610
3,960
5,040
3,240
950
910
950
3,310
4,620
5,390
640
3,730

1,000
1,510
3,330
560
3,740
6,630
3,220
1,000
870
850
3,340
4,140
5,580
680
4,030

670
1,400
3,320
630
3,660
5,130
3,260
1,050
800
830
3,430
3,830
5,810
720
4,320

Nondurable Goods
Newspapers
Books and Magazines
Books**
Magazines**
Office Papers
Directories**
Standard (A) Mail***
Other Commercial Printing
Tissue Paper and Towels
Paper Plates and Cups
Plastic Plates and Cups†
Trash Bags**
Disposable Diapers
Other Nonpackaging Paper
Clothing and Footwear
Towels, Sheets & Pillowcases**
Other Misc Nondurables

100

200

1,410

870
2,530
4,710
570
3,620
3,760
2,960
650
640
780
2,700
3,840
3,490
590
3,340

Total Nondurable Goods

14,940

21,330

29,750

43,370

43,640

46,860

46,520

43,710

Containers and Packaging
(Detail in Table 22)
Total Product Wastes‡
Other Wastes

24,500

40,210

44,180

47,750

43,200

48,040

46,760

45,320

49,010
33,500

75,260
37,780

94,370
42,750

117,470
54,500

112,970
44,980

124,330
41,550

123,600
40,680

120,070
41,170

82,510

113,040

137,120

171,970

157,950

165,880

164,280

161,240

2000

2001

Total MSW Discarded – Weight

1,270

1,940

3,130

1,130
1,090
270

1,790
2,080
420

2,770
2,300
630
190

Neg.
2,660
1,310

350
3,520
1,560

1,930
4,230
2,020

PERCENT OF TOTAL DISCARDS
PRODUCTS
Durable Goods
(Detail in Table 14)

1960

1970

1980

1990

1995

1999

11.6%

12.1%

14.9%

15.3%

16.5%

17.7%

18.5%

19.3%

6.4%
2.2%

6.4%
2.0%

5.9%
2.3%

4.8%

3.9%

4.1%

3.7%

3.0%

0.6%
1.2%
2.3%
0.3%
2.5%
3.6%
1.9%
0.6%
0.5%
0.5%
1.9%
2.7%
2.8%
0.4%
2.1%

0.6%
1.0%
2.5%
0.4%
2.4%
3.0%
2.0%
0.6%
0.5%
0.6%
2.0%
2.8%
3.2%
0.4%
2.2%

0.6%
0.9%
2.0%
0.3%
2.3%
4.0%
2.0%
0.6%
0.5%
0.5%
2.0%
2.5%
3.4%
0.4%
2.5%

0.4%
0.9%
2.1%
0.4%
2.3%
3.2%
2.0%
0.7%
0.5%
0.5%
2.1%
2.4%
3.5%
0.4%
2.7%

Nondurable Goods
Newspapers
Books and Magazines
Books**
Magazines**
Office Papers
Directories**
Standard (A) Mail***
Other Commercial Printing
Tissue Paper and Towels
Paper Plates and Cups
Plastic Plates and Cups†
Trash Bags**
Disposable Diapers
Other Nonpackaging Paper
Clothing and Footwear
Towels, Sheets & Pillowcases**
Other Misc Nondurables
Total Nondurables

*

0.1%

0.2%

1.7%

0.5%
1.5%
2.7%
0.3%
2.1%
2.2%
1.7%
0.4%
0.4%
0.5%
1.6%
2.2%
2.0%
0.3%
1.9%

18.1%

18.9%

21.7%

25.2%

27.6%

28.2%

28.3%

27.1%

1.5%

1.7%

2.3%

1.4%
1.3%
0.3%

1.6%
1.8%
0.4%

2.0%
1.7%
0.5%
0.1%

Neg.
3.2%
1.6%

0.3%
3.1%
1.4%

1.4%
3.1%
1.5%

Containers and Packaging
(Detail in Table 23)
Total Product Wastes‡
Other Wastes

29.7%

35.6%

32.2%

27.8%

27.4%

29.0%

28.5%

28.1%

59.4%
40.6%

66.6%
33.4%

68.8%
31.2%

68.3%
31.7%

71.5%
28.5%

75.0%
25.0%

75.2%
24.8%

74.5%
25.5%

Total MSW Discarded – %

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

Discards after materials and compost recovery. Does not include construction
& demolition debris, industrial process wastes, or certain other wastes. Details
may not add to totals due to rounding.
** Not estimated separately prior to 1990.
*** Not estimated separately prior to 1990.
Formerly called Third Class Mail by the U.S. Postal Service.

†
‡

Not estimated separately prior to 1980.
Other than food products.
Neg. = Less than 5,000 tons or 0.05 percent
Source: Franklin Associates, Ltd.
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WASTE MANAGEMENT

GARBAGE BY THE NUMBERS
MORE MUNICIPAL SOLID WASTE MANAGEMENT DATA
Amount of Waste Recycled

Amount of MSW Composted

• 53.4 million tons, for a 23.0% recycling rate.*
• 1.04 pounds per person per day.*

• 16.5 million tons of yard and food waste for a 7.1
percent composting rate for all MSW and a 30.7
percent composting rate for yard and food waste.*

• 380 pounds per person per year.*

• 0.32 pound per person per day.*

• By weight, corrugated boxes, newspapers, office paper,
glass bottles, large appliances and lead-acid batteries
are the most recycled.*

• 117 pounds per person per year.*

• By percentage, lead-acid batteries, corrugated boxes,
newspapers, steel cans, aluminum cans and office
paper have the highest recycling rate.*
• Aluminum cans, corrugated boxes, newspapers and
glass bottles have the highest percentage of recycled
content.

RECYCLING RATE IN THE UNITED STATES*
(This chart does not include composting.)
25

23.0%

• Mixed waste composting was insubstantial.

Composting Tonnage and Percentage Chart
(Percentage composted is based on tonnage of yard and food waste.)

Year
1960
1970
1980
1990
2000

14.2%

15
10
6.4%

30.1%

30

0
1970

Percentage
Negligible
Negligible
Negligible
7.5
30.7

35

6.6%

5

1960

Million Tons
Negligible
Negligible
Negligible
4.2
16.5

COMBINED RECYCLING AND COMPOSTING RATE

9.6%

1980

YEAR

1990

2000

PERCENTAGE

PERCENTAGE

20

• Yard waste provided 96 percent of the composted
MSW and food waste provided 4 percent.

25
20
16.2%
15
9.6%

10
6.4%

6.6%

1960

1970

5
0
1980

YEAR
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1990

2000

WASTE MANAGEMENT

GARBAGE BY THE NUMBERS
MORE MUNICIPAL SOLID WASTE MANAGEMENT DATA
Source reduction reduces the amount of toxicity of solid wastes before they enter the waste stream. A backyard compost
pile, reusing pallets, substituting lighter materials such as plastic for heavier materials, e.g., glass or metals, and lightweight
products are all examples of source reduction. The chart below shows the impact of specific source reduction measures
throughout the 1990s on the size of the waste stream in 2000.
• According to the U.S. EPA, if the waste stream had grown at the same rate as consumer spending, more than
55 million additional tons of MSW would have been generated in 2000.
Note on End Market Specifications: ISRI Paper Stock, Ferrous, Non-Ferrous and Plastic Guidelines provide the specifications
for individual recyclables. However, each end user has particular requirements and must be consulted to ensure that collected
recyclables meet that market’s needs. Special care must be taken towards contaminants and shipping requirements.
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MILLION TONS

20
15
10
5
0
Backyard
Lightweighting Decline in Glass
Newspaper
Wood Packaging
Composting and
Durables
Packaging
Lightweighting
Reuse
Grasscycling

Corrugated
Boxes

Food Scrap
Onsite
Composting

MATERIAL TYPE

SOURCES
• Aluminum Association, www.aluminum.org
• American Forest and Paper Association, www.afandpa.org
• American Plastics Council, www.americanplasticscouncil.org
• Characterization of Municipal Solid Waste in the United States: 1998 Update, U.S. EPA, Office of Solid Waste, 1999,
www.epa.gov/osw
• Composting Council, www.compostingcouncil.org
• Glass Packaging Institute, www.gpi.org
• Institute of Scrap Recycling Industries, www.isri.org
• Municipal Solid Waste in the United States: 2000 Facts and Figures, U.S. EPA Office of Solid Waste, 2002,
www.epa.gov/osw
• National Association of Plastic Container Recovery, www.napcor.com
• National Recycling Coalition, www.nre-recycle.org
• National Solid Wastes Management Association, www.nswma.org
• National Source Reduction Characterization Report, U.S. EPA, Office of Solid Waste, 1999, www.epa.gov/osw
• Steel Recycling Institute, www.recycle-steel.org
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MY TRASHY BUSINESS

GOAL:
Students investigate
their personal trash and
recycling habits and brainstorm ways to reduce trash
and increase recycling.

OBJECTIVES:
Students will…
• Inventory personal
waste and recycling
of goods.
• Create bar graphs
representing personal
use.
• Determine percent
of trash and recycled
materials used.
• Pledge to make personal
changes regarding waste.
• Learn what is recyclable
in their local recycling
program.

MATERIALS:

(FOR A CLASS OF 30)
• 30 Copies of My Trashy
Business Student Sheet
(3 pages)
• 30 Copies of My Trashy
Business Student
Inventory (5 pages)
• Overhead transparency
of My Trashy Business
Student Sheet
• Overhead projector

TIME REQUIRED:
Two, 45–60 minute periods

STANDARDS MET:
M1, M2, M3, M4, LA7,
LA12
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BACKGROUND:

According to the Can Manufacturers Institute, 100 billion
aluminum cans were shipped for purchase in 2003. Using
recycled aluminum beverage cans to produce new cans allows
the aluminum can industry to make up to 20 times more cans
for the same amount of energy. New aluminum cans are made
up of half post-consumer recycled aluminum. The amount of
energy saved was equivalent to 20.6 million barrels of oil or
12.3 billion kilowatt-hours of electricity. 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.
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PROCEDURE
DAY ONE
• Ask students to start thinking about what they do with
things when they are ‘finished’ with them. Do they throw
them away? Recycle them? Reuse them?
• Discuss the differences in ‘trashing,’ recycling or reusing
things.
• Discuss landfills as a finite resource and how recycling will
help extend their life.
• Pass out the My Trashy Business Student Sheet. Using an
overhead copy of the student sheet, review the three R’s in
the triangle. Explain to students that this is a three step
process where we as consumers must make decisions that
will complete the cycle.
Step1: reduce Step2: reuse Step3: recycle
• Brainstorm items that can be reused or recycled and list
them on the table included in the student sheet. Write
student answers on the overhead transparency. Do students
think that a zero-waste goal is possible?
• Discuss the idea of reducing consumption. Ask students
to brainstorm ways that they might be able to reduce
consumption in their lives. List ideas on the overhead
transparency.
• Review Figure 1 on the My Trashy Business Student Sheet. Ask
students to break down what they think they ‘trash,’ recycle,
and reuse on a daily basis and record it on the student
sheet. Review as a class.
• Ask students to complete the questions and table following
the percentage chart. Ask students how many of their families
recycle at the landfill’s recycling pad and if they recycle
materials that are not part of their community’s curbside
program. Curbside programs are limited in scope by the
size of the recycling bin and the capacity of the route truck.
Recycling pads at landfills have the room to accommodate
a wider array of recyclable items and have the equipment,
personnel and storage facilities to handle the different items
and see that quality is maintained. The recycling industry
seeks recyclables that are clean, dry and with no contaminants.
• Explain that students will be asked to chart their ‘trash’ and
recycling over the next couple of days.
• Hand out the first page of My Trashy Business Student
Inventory and review. Students will need to keep track of
what they ‘trash’ and recycle in a 24-hour time period.
Ask students to return to class tomorrow with the Student
Inventory table completed.
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DAY TWO

ASSESSMENT
• Completed My
Trashy Business
Student Sheet
• Completed My
Trashy Business
Student Inventory
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• Ask students to get into groups of 2. In groups, students
should compare their trash charts.
• Discuss charts as a class. What is the item(s) most ‘trashed’?
What is the item(s) that is most recycled? Are there items
that are currently being ‘trashed’ that can be recycled?
• Review Part Two of the Student Inventory. Ask students to
complete Part Two in their groups.
• When students have completed calculations, review. Discuss
the implications of their findings.
• Ask students to complete Part Three of the Student Inventory.
What is one pledge each student is willing to take to reduce
trash?
• Review and discuss Part Three.

Name: ___________________________________________________ Date: _____________________________
Directions: You will be reviewing the following as a class. Label the diagram and list ways that you can complete or contribute to
each step.

1.

3.

1.

2.

2.

3.
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PAGE 2
Look at Figure 1 below. In the table, estimate the breakdown of your garbage (everything you use and
dispose of—recycled or not) on a daily basis using percentages. Use the category names in Figure 1 for
guidance. Remember: your total percentage should add up to 100%!!

FIGURE 1

WHAT’S IN YOUR GARBAGE?

What’s

in our garbage?

(By Percentage)
2001 Products Discarded in the Municipal Waste Stream
(In percent of total discards)
Containers
Glass Beverage Bottles
Glass Food and Other Bottles & Jars
Aluminum Beverage Cans
Milk Cartons
PET Soft Drink Bottles
Plastic Milk Bottles
Other Plastic Container Packaging
Packaging
Aluminum Foil and Closures
Corrugated Boxes
Paper Bags and Sacks
Plastic Bags, Sacks
Containers & Packaging

2.9%
1.5%
0.5%
0.3%
0.3%
0.3%
1.5%

Total:

0.2%
5.4%
0.7%
1.0%
28.1%

Other Wastes
Food Waste Scraps
Yard Trimmings

Total:

25.5%
15.8%
7.5%

Nondurable Goods
Newspapers

Total:

27.1%
3.0%

Magazines
0.9%
Office Papers
2.1%
Standard (A) Mail
0.4%
Tissue Paper and Towels
2.0%
Paper Plates and Cups
0.7%
Plastic Plates and Cups
0.5%
Trash Bags
0.5%
Clothing and Footwear
3.6%
Durable Goods
Total: 19.3%
__________________________________________________
Total MSW Discarded
Total: 100.0%
Source: U.S. Environmental Protection Agency Office,
Municipal Solid Waste in the United States: 2001 Facts and Figures,
“Characterization of Municipal Solid Waste by Weight, Table 17
and 23,” percent of products discarded.

Total MUST = 100%
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PAGE 3
Look at the list of what is in your garbage from the previous page. Complete the table below and answer
the questions.
1. Is any of your garbage recyclable? List what you can recycle:

2. Divide the items in your list above into the two columns below. Then, add additional items not listed
above that are recyclable and write in the appropriate column.

ITEMS RECYCLED CURBSIDE
Ex: Aluminum Cans

ITEMS RECYCLED AT THE LANDFILL
Ex: Telephone Books

3. Why aren’t all items recycled?

4. Estimate what percentage of your garbage can be recycled:
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TEACHER KEY

Name: ___________________________________________________ Date: _____________________________
Directions: You will be reviewing the following as a class. Label the diagram and list ways that you can complete or contribute to
each step.

1. Reduce

3. Recycle

2. Reuse

1. Reduce

2. Reuse

3. Recycle

Ex: Buy packaging that is recycled.

Ex: Use a plastic grocery store bag
a second time.

Ex: Aluminum Beverage Can
(In the United States, most beverage
cans are made of aluminum.)

Avoid excessive packaging.

Food Cans
(In the United States, the majority of
food cans are steel.)

Buy packaging that is recyclable.

PET (#1) Bottle

Buy packaging that is recyclable
and recycled. (The package can be
recycled and has recycled content.)

Tennis Shoes

Buy products that have less
packaging.

Recycled content percentage may be shown on the label of a product or
determined by the industry every year. For example, the Can Manufacturers
Institute, The Aluminum Association, and the Institute of Scrap Recycling
Industries issue a news release for aluminum beverage cans. For 2003, a
new beverage can contained 50% of recycled, post-consumer cans.
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TEACHER KEY

PAGE 2
Look at Figure 1 below. In the table, estimate the breakdown of your garbage (everything you use and
dispose of—recycled or not) on a daily basis using percentages. Use the category names in Figure 1 for
guidance. Remember: your total percentage should add up to 100%!!

FIGURE 1

WHAT’S IN YOUR GARBAGE?

What’s

in our garbage?

(By Percentage)
Answers will vary

2001 Products Discarded in the Municipal Waste Stream
(In percent of total discards)
Containers
Glass Beverage Bottles
Glass Food and Other Bottles & Jars
Aluminum Beverage Cans
Milk Cartons
PET Soft Drink Bottles
Plastic Milk Bottles
Other Plastic Container Packaging
Packaging
Aluminum Foil and Closures
Corrugated Boxes
Paper Bags and Sacks
Plastic Bags, Sacks
Containers & Packaging

2.9%
1.5%
0.5%
0.3%
0.3%
0.3%
1.5%

Total:

0.2%
5.4%
0.7%
1.0%
28.1%

Other Wastes
Food Waste Scraps
Yard Trimmings

Total:

25.5%
15.8%
7.5%

Nondurable Goods
Newspapers

Total:

27.1%
3.0%

Magazines
0.9%
Office Papers
2.1%
Standard (A) Mail
0.4%
Tissue Paper and Towels
2.0%
Paper Plates and Cups
0.7%
Plastic Plates and Cups
0.5%
Trash Bags
0.5%
Clothing and Footwear
3.6%
Durable Goods
Total: 19.3%
__________________________________________________
Total MSW Discarded
Total: 100.0%
Source: U.S. Environmental Protection Agency Office,
Municipal Solid Waste in the United States: 2001 Facts and Figures,
“Characterization of Municipal Solid Waste by Weight, Table 17
and 23,” percent of products discarded.

Total MUST = 100%
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TEACHER KEY

PAGE 3
Look at the list of what is in your garbage from the previous page. Complete the table below and answer
the questions.
1. Is any of your garbage recyclable? List what you can recycle:
EX: Aluminum beverage cans, steel food cans, PET drink bottles, newspaper, etc.

2. Divide the items in your list above into the two columns below. Then, add additional items not listed
above that are recyclable and write in the appropriate column.
Answers will vary by community. Listed are some examples.

ITEMS RECYCLED CURBSIDE

ITEMS RECYCLED AT THE LANDFILL

Ex: Aluminum Cans

Ex: Telephone Books

PET containers
Newspaper

Corrugated boxes
Used motor oil
White paper
#2 plastic bottles
Tennis shoes
Batteries
e-scrap
Yard waste
Tires
Compact discs
Toner cartridges

Steel Cans
Glass containers

3. Why aren’t all items recycled?
Technology may not have caught up to producing materials industry can use to make new products.
The quantity of a commodity may not be sufficient to economically warrant recycling at this time.
For example, solid waste districts will hold a one-day e-cycle event for electronic scrap or a one-day
hazardous waste collection enabling enough quantity to be available and bulk shipping possible.
4. Estimate what percentage of your garbage can be recycled:
Answers will vary.

194

Name: ___________________________________________________ Date: _____________________________
Directions: Over the next 24 hours, keep an inventory of everything you ‘trash’ and everything you recycle. List the items in the
chart below. Be sure to include food as an item. Use an extra sheet of paper if you need more room.

TRASH
Quantity
Ex: 2

Item
Gum Wrappers

RECYCLE
Quantity
1

Item
Aluminum beverage can

195

Part Two:
Directions: Now, group your Inventory items into the What’s In Your Garbage? categories and write them in the chart below.
Include BOTH recycled and trashed items in the chart below.

CATEGORY

ITEMS FROM STUDENT INVENTORY
CONTAINERS

Glass bottles
and containers
Aluminum Beverage Cans
Milk Cartons
PET Soft Drink Bottles
Plastic Milk Bottles
Other Plastic Container
Packaging
TOTAL Containers Percentage:

PACKAGING
Aluminum Foil
& Closures
Corrugated Boxes
Paper Bags & Sacks
Plastic Bags & Sacks
TOTAL Packaging Percentage:

OTHER WASTES
Food Waste Scraps
Yard Trimmings
TOTAL Other Wastes Percentage:
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PERCENTAGE OF TOTAL

CATEGORY

ITEMS FROM STUDENT INVENTORY

PERCENTAGE OF TOTAL

NONDURABLE GOODS
Newspapers
Magazines
Office Papers
Standard Mail
Tissue Paper & Towels
Paper Plates & Cups
Plastic Plates & Cups
Trash Bags
Clothing & Footwear
TOTAL Nondurable Goods Percentage:
TOTAL NUMBER OF ITEMS:

Must = 100%

1. Compare your Inventory to your original predictions. Were they the same or different? Why?
Any surprises?

2. In the list above, circle the materials you recycled. Add up the total number of recycled items.
What percentage of your total trash did you recycle? Use the formula below for help.
# of recycled items ÷ total # of items x 100 = percentage of items recycled

3. What percentage of your total trash were items that were trashed?
# of trashed items ÷ total number of items x 100 = percentage of trashed items
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4. Use your answers for #’s 2 and 3 to draw a bar graph on the x/y axis below.

PERCENT

TRASHED

RECYCLED

5. Given your results, list at least 3 ways you might reduce your percentage of trashed items while
increasing your percentage of recycled items.
Complete a new bar graph showing how those actions would affect the total percentages.

PERCENT

TRASHED
198

RECYCLED

Part Three:
Directions: Write one personal action that you pledge to take to reduce the amount of trash in your garbage.
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AUDIT FOR ACTION

BACKGROUND:

Refer to the Audit for Action
Teacher Background Sheet for
background information.

GOAL:
Students will learn about
the choices, economics, and
planning involved with
recycling. They will work
toward making educated
decisions about implementing
a school recycling program
or energizing and increasing
recycling in an existing
program.

OBJECTIVES:
Students will…
• Explain benefits and
drawbacks of recycling.

• Examine the historical
recycling rate of
aluminum beverage cans.
• Draw conclusions about
the composition of the
school waste stream.
• Develop a system to
increase recycling at
school.
• Present findings and
recycling implementation
plan.

TIME REQUIRED:
Varies depending on
schedules

STANDARDS MET:
C5, E2, M1, M2, M3, M4,
M6, M13, LA4
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MATERIALS:

(FOR A CLASS OF 30)
• 30 Pairs of latex gloves
• 2–3 Disposable tarps
• 1 Scale
• 30 Large plastic bags (30 to 55 gallon size)
• 15 Magnets
• Graph paper
• 30 Copies of School Waste Audit Student Sheet (7 pages)
• Calculators
• 30 Copies of Recycling Rates Student Sheet
• Graph paper as overhead transparency
• 30 Copies of Waste Audit Tips & Safety Guidelines
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PROCEDURE
PREP
• Gather information on the history of recycling at your
school. Determine the feasibility of developing a recycling
program. If you already have a program, brainstorm ways to
garner more support to increase the poundage recycled and
whether adding another commodity would be beneficial.
• Depending on your class and logistics, you may need
volunteers to monitor groups as they perform the waste audit.

DAY ONE
• This activity becomes more insightful after students have
completed a personal inventory of their trash and recycling
habits.
• Using the aluminum beverage can as an example, explain
to students that they will investigate historical recycling
rates. They will use this information to draw comparisons
to their school community’s habits.
• Give each student a copy of the Recycling Rates & Aluminum
Can Reclamation Student Sheet and review. Point out
trends in each column. Why has the number of cans per
pound of aluminum steadily risen? Review the concept of
lightweighting.
• Using an overhead transparency of a piece of graph paper,
work with the entire class to graph the data on the student
sheet. If you have time, ask students to graph the information
individually and then review.
• Review the results on the graph. Ask students to think
about the history of recycling at their school. Does the
local community recycle? When did recycling begin, and is
recycling mandatory or voluntary? If there is not a program,
why not? Does your county or state have a recycling goal?
If so, what percentage of municipal solid waste is to be
recycled and by when?
• Ask students why it might be beneficial to the school to
recycle or to increase recycling efforts. Some ideas might
be: potential for fundraising, environmentally responsible,
conservation of resources, good for the environment, help
educate the community, etc.
• Explain that in the next week, students will investigate the
waste habits of their school and determine the best action
to take toward developing a recycling program, increasing
participation in an existing program, or expanding current
program recyclables.
• Brainstorm ideas as to how much trash is produced in
different areas of the school on a weekly basis. Suggested
areas: workroom, art classroom, lunch room, science
classroom, math classroom, front office, copy room, teachers’
lounge, etc.
• Place students into groups of 5. Assign each group an area
to investigate.
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• Give each student a copy of the School Waste Audit Student
Sheet and give students time to begin working on it.
• Explain that students will be in teams tomorrow and will
begin collecting data for the waste audit.
• Refer to the School Waste Audit Teacher Preparation Sheet as
a guide for the audit.

DAY TWO

ASSESSMENT
• Completed
School Waste
Audit Student
Sheet
• Participation in
School Waste
Audit
• Participation
in development
of recycling
program
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• Ask students to get into their groups. Hand out Waste Audit
Tips & Safety Guidelines and review.
• Remind students that as recycling coordinators, they are to
be professional in their actions and have 15 minutes to get
to their location, collect waste and return to the classroom.
• Upon return, students should sort waste and weigh it.
• As data is collected, the School Waste Audit Student Sheet
should be compiled.
• Review the previous day’s data and discuss any interesting
trends.
• Repeat this process over a 5-day period or however long
your schedule allows.
• As time allows, ask students to research what types of
materials are recycled in their community. Have students
look in the phone book under ‘recycling center’ or ‘scrap
dealer’ to learn which commodities are being recycled and
which one has the greatest value by the pound.
• Facilitate a class brainstorming session to determine what
type of recycling program could be implemented at the
school. If a recycling program exists, how could the program
be improved to increase participation, poundage recycled
and/or expanded to other commodities or involve local
residents? Discuss with students how they could modify
or support recycling programs in the school.
• If possible, support students to take action and develop a
recycling program.
• When the School Waste Audit is completed, thoroughly
review the Student Sheet.
• Refer back to the graph completed on Day One that used
the Recycling Rates & Aluminum Can Reclamation Student
Sheet data. Extrapolate data from the audit and estimate
what the school recycling trend might look like over the
next 15 years if a recycling program were implemented and
supported or an existing program energized and possibly
expanded to include other commodities.
• Draw conclusions and develop an action plan to present
to the school principal.

EXTENSION

Several options exist for extending this activity. Below are some
ideas:
• Work as a team of teachers and during the last period of the
day have the students weigh the classroom trash and record
in the chart.
• The science and/or math teacher could complete the audit
with the students in his or her class. Each class of students
would have slightly different measurements since they are
measuring the trash in different classroom locations.
• One teacher could save the trash at the end of the day from
his or her classroom for the students to examine during the
following day in class.
Other Extension Activities include:
• Refer to the Waste Reduction Through Recycling sheet for a list
of ideas.
• Investigate waste management in your community. What
is recycled? What is landfilled? How does it arrive at the
landfill, and what recyclables are collected for recycling at
the landfill? Ask students to determine the cost for waste
disposal and recycling. Use the Waste Disposal Student Sheet
as a guide.
• In developing a recycling program, set up a class debate that
allows information from various perspectives to be shared
with the entire class.
• If there is a consensus among students, students should
work in cooperative groups to develop a recycling plan that
will create or assess the school’s recycling program. The
group should choose a format in which to educate the
school about the program and promote the recycling project,
and ways to build recycling enthusiasm throughout the
school year. Students could design posters, public service
announcements (audio and/or video), a newsletter, and/or
a skit that would promote the program and educate the
school.
• If students decide to turn Cans Into Cash, set a goal, keep
everyone informed on progress, and invite the community
around your school to participate. Work with the PTA to
encourage parents to recycle beverage cans at work. Even at
a penny a can, the sky’s the limit on fundraising potential.
The aluminum industry paid out $800 million last year to
recyclers for their beverage cans!
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TEACHER BACKGROUND SHEET
IN SCHOOLS
Typically, a teacher and a class or a team of student leaders
will champion recycling in a school. These students not only
enhance their knowledge about the environment, but develop
a broader understanding about the many challenges that face
decision-makers in balancing environmental protection with
social, economic and political considerations.
Recycling bins should be placed in every classroom and
office, in the library, at all adult workstations, and by can
vending machines. Students can reuse corrugated cardboard
boxes lined with plastic bags to serve as recycling bins. Have
students design artwork for the bins to convey their purpose
and make them easy to spot. When recycling containers are
easy to identify and easy to access, students and staff will get in
the habit of using them. If your school is applying the recycling
proceeds to a particular goal, a barometer showing progress
incorporated into the artwork can keep everyone informed and
generates greater recycling as you near your goal. Inquire if
local waste management companies or haulers will provide
bins, stage a collection trailer or provide other materials to
support your recycling activities.
Establish a regular weekly or biweekly collection day—and
form a Recycling Team of students and/or staff members who
will collect the recyclables. It is important that the bins never
overflow and the area by the bins is kept clean. Invite PTA
participation, and check with local businesses and retailers if
they would like to donate prizes to recognize good recycling
and continue recycling enthusiasm throughout the school year.
Remember to include the cleaning staff as part of the team!
Your organization can go even further than collection and
“close the recycling loop” with your purchasing power by
requesting products that have recycled content. Recycling is a
hands-on, real-world learning experience. Students apply their
math, science, social studies and communication skills, as they
experience the dynamics of teamwork and develop problemsolving skills.
Resource: http://www.wrwcanada.com/resource11.html

NATIONALLY
According to the U.S. Environmental Protection Agency
(EPA), in 2001, the per capita waste generation in the United
States was 4.4 lbs/person/day. The MSW recovered for recycling
including composting was 68 million tons (29.7%), 33.6 million
tons (14.7%) were combusted, and 127.6 million tons (55.7%)
were landfilled. The recycling rate equates to 1.3 pounds
recycled per person per day. EPA attributes this recycling
advancement to the, “rapid increase in the infrastructure for
recovery over the last decade, and more.” Today there are
9,700 curbside recycling programs. EPA noted that even though
Americans spent more, recycled more, and disposed more,
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source reduction diverted some 55.1 million tons from the
MSW stream. Containers and packaging are credited with a
15.5 million ton reduction.
For the aluminum can, the economics of recycling means
lower manufacturing cost from using less material, energy, and
mined bauxite. 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 33.72 cans—a 55% 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. When you multiply the savings by 100
billion beverage cans that are made each year, the weight savings
is phenomenal—over 193 million pounds of aluminum.
Recycling as a waste management tool is an effective, costavoidance solution, especially when a product has a market or
reuse. The more trash diverted from a landfill, the longer a
landfill will last. Each year the cost of landfilling increases due
to stricter regulations and fewer landfills being permitted. It
makes economic sense to recycle.
While containers and packaging make up a major portion
(74 million pounds or 32%) of the municipal solid waste
(MSW), aluminum cans comprise less than 1% (0.5%) by
weight of MSW. North Americans recycled more aluminum
cans than any other beverage drink container. A new beverage
can is made from over 50% post-consumer recycled aluminum.
The greater the number of aluminum cans recycled, the more
recycled content can be achieved. Once an aluminum can is
recycled, it takes as little as 60 days for the can to become a
new can, filled and on the retailer’s shelf. Recycling aluminum
cans saves energy, reduces emissions, conserves natural resources,
provides jobs, reduces the amount of waste sent to a landfill
and/or incinerator, and can provide money to schools, clubs,
and/or organizations. Using aluminum cans as a basis for
comparison, we can examine the recycling rates over the past
few years.

CONTAINER RECYCLING RATES 1995 TO 2002
COMMODITY

1995

1996

1997

1998

1999

2000

2001

2002

Glass Bottles & Jars

37.4%

38.0%

35.2%

34.8%

26.3%*

24.1%

22.0%

PET

39.7%

31.7%

27.1%

24.8%

23.7%

22.3%

22.1%

19.9%

Aluminum Beverage Cans

62.2%

63.5%

66.5%

62.8%

62.5%

62.1%

55.4%

53.4%

*GPI has stopped reporting recovery rates of glass bottles. EPA’s Municipal Solid
Waste in The United States: 2001 Facts and Figures used.
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SCHOOL WASTE AUDIT
TEACHER PREPARATION SHEET
In this activity you will help students investigate the
following:
• How much waste is generated at our school?
• What is the composition of school waste?
• What is the history of our school’s recycling program?
• What is recycled in the local recycling program?
• What actions can we take to improve recycling or to develop
a recycling program?
Preparation & Procedure:
• Gather all materials.
• Wearing gloves, students will collect the waste from their
designated area and place it on a disposable tarp. The
students will then sort the waste into the different waste
types as noted on the chart of the School Waste Audit
Student Sheet.
• Each type of waste will be placed in a plastic bag and
weighed on a scale individually and then added together
with the other results to find the collective total for
each day.
• Repeat the above steps each day for a total of 5 days.
• Complete the audit with the students.
• HINT: Work closely with the custodial staff to estimate
waste generation in other areas of the school not covered by
the student survey. Seek the custodial staff’s assistance in
determining the weight of one bag of trash from each of the
unrepresented areas and estimate the number of aluminum
cans, PET (#1) and HDPE (#2) plastic, and steel cans and
the weight of white paper and mail the bag contains.
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RECYCLING RATES & ALUMINUM CAN RECLAMATION

YEAR

POUNDS OF
ALUMINUM
COLLECTED
(millions)

NUMBER OF CANS
PER POUND
OF ALUMINUM

NUMBER OF
ALUMINUM CANS
SHIPPED
(billions)

PERCENT OF
ALUMINUM CANS
COLLECTED FOR
RECYCLING

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
% Change from 2001–2002

53
68
103
180
212
280
340
360
609
1,017
1,124
1,144
1,226
1,245
1,233
1,335
1,505
1,688
1,934
1,969
2,142
2,015
2,149
2,017
1,969
2,052
1,938
1,930
1,891
1,665
1,590
-4.5%

21.75
22.25
22.70
23.00
23.30
23.47
23.65
23.69
24.23
24.45
25.21
25.70
26.00
26.60
27.00
27.40
28.25
29.30
28.43
28.87
29.29
29.51
30.13
31.07
31.92
32.57
33.04
33.10
33.12
33.40
33.79
1.16%

7.5
10.0
13.4
15.4
19.8
24.9
29.3
33.2
39.6
46.7
51.0
55.6
60.4
64.9
68.3
72.2
77.9
81.4
86.5
91.2
92.4
94.2
99.0
100.7
99.0
100.5
102.0
102.2
100.8
100.3
100.8
0.5%

15.4
15.2
17.5
26.9
24.9
26.4
27.4
25.7
37.3
53.2
55.5
52.9
52.8
51.0
48.7
50.6
54.6
60.8
63.6
62.4
67.9
63.1
65.4
62.2
63.5
66.5
62.8
62.5
62.1
55.4
53.4
-3.6%

Source: The Aluminum Association, Inc., Can Manufacturers Institute, Institute of Scrap Recycling Industries, Inc.

Name: ___________________________________________________ Date: _____________________________

The data used to calculate the 2002 U.S. aluminum beverage can recycling rate are:
Used beverage can scrap (billion pounds):
Multiplied by the average cans per pound:
Equals the total number of cans recycled:
Divided by the number of cans shipped:
Equals the percentage:

1.590
33.79
53.8 billion
100.8 billion
53.4 percent
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WASTE AUDIT TIPS
& SAFETY GUIDELINES
Follow the directions below to successfully conduct your
Waste Audit:
• Never handle bathroom or first aid station waste.
• ALWAYS wear latex gloves when handling waste.
• Be responsible and put waste back in a waste container
when you have completed your audit. See that recyclables
are recycled.
• Be sure to weigh the empty containers you use and subtract
their weight from your gross totals (container + material) to
get the actual material weight.
FYI—A recent study shows that public schools average 35 pounds
of waste per student per week! Looks like we have our work cut out
for us!
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SCHOOL WASTE AUDIT

Name: ___________________________________________________ Date: _____________________________
Directions: Answer the questions below. Be sure to show all work!
1. Estimate the amount of total waste your assigned location produces in one day. Then, multiply by 5 to
get an estimate of the total waste produced in one school week.
___________ lbs./day
___________ lbs./day x 5 days = ___________ lbs./week
2. Following the guidelines on the Waste Audit Tips & Safety Guidelines sheet, weigh the TOTAL of your
location’s waste (includes items that could be recycled) at the end of each day for one week and record
in the first column on your School Waste Composition and Poundage Weight Chart. Then, separate the
recyclables (aluminum cans, steel cans, PET plastic (#1), HDPE plastic (#2), glass bottles and jars,
white paper, newspaper, and corrugated cardboard). Weigh each recyclable commodity separately, and
record the weight in the appropriate column on your School Waste Composition and Poundage Weight Chart.
3. At the end of the five days of weighing the waste and recyclable waste, total the weekly weight of trash
and recyclables and record in the School Waste Composition and Poundage Weight Chart. Lastly, convert
the weight of the recyclables into a percentage and record in the chart (follow the directions below).
To convert to a percentage:
# lbs. (of recyclable or waste) ÷ TOTAL # lbs. for the week of all waste x 100 = Percentage of total

4. On a piece of graph paper, construct a bar graph to compare the TOTAL weekly weight of the different
categories of waste and recyclables and name the graph OR create a circle graph using the information
from the chart.

TOTAL WASTE
5. Average the weight of the TOTAL waste per day for your location.
Day 1 total + Day 2 total + Day 3 total + Day 4 total + Day 5 total = ___________ ÷ 5 = ___________
Average daily waste
___________ lbs./day
6. How does your estimate from question #1 compare to the actual amount from question #5? Did the
results vary from your estimate? Why or why not?
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SCHOOL WASTE AUDIT
PAGE 2
7. Multiply your weekly total (from the School Waste Composition and Poundage Weight Chart) by 4 to
obtain an estimate of total waste produced per month for your location.

_____________ lbs./week x 4 = ___________ lbs./month

8. Gather the total waste per month information from other groups’ locations. Record the total amount
of waste generated in these other locations of the school (example: library, office, etc.) and add to the
total amount of waste from your location to obtain a monthly total of school waste.
Location #1: __________________________Total weight of waste/month: ________________________
Location #2: __________________________Total weight of waste/month: ________________________
Location #3: __________________________Total weight of waste/month: ________________________
Location #4: __________________________Total weight of waste/month: ________________________
Location #5: __________________________Total weight of waste/month: ________________________
Location #6: __________________________Total weight of waste/month: ________________________
Added together =

________________________________

Our school produces ______________ pounds of waste per month.

TOTAL RECYCLABLE WASTE
9. Add the total poundage for all columns of recyclable waste on your School Waste Composition and
Poundage Weight Chart.
___________ total lbs. of recyclable waste
10. Average the weight of recyclable waste per day for your location.
Day 1 total + Day 2 total + Day 3 total + Day 4 total + Day 5 total = ___________ ÷ 5 = ___________
Average daily recyclable waste

___________ lbs./day
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SCHOOL WASTE AUDIT
PAGE 3
11. Multiply your weekly total of recyclable waste from question #9 by 4 to obtain an estimate of recyclable
waste produced per month for your location.

_____________ lbs./week x 4 = ___________ lbs./month of recyclable waste
12. Gather the total recyclable waste per month information from other groups’ locations. Record the
total amount of waste generated in other locations of the school (example: cafeteria, library, office,
etc.) and add to the total amount of recyclable waste from your location to obtain a monthly total
of the school’s recyclable waste.
Location #1: __________________________Total weight of recyclable waste/month: ________________
Location #2: __________________________Total weight of recyclable waste/month: ________________
Location #3: __________________________Total weight of recyclable waste/month: ________________
Location #4: __________________________Total weight of recyclable waste/month: ________________
Location #5: __________________________Total weight of recyclable waste/month: ________________
Location #6: __________________________Total weight of recyclable waste/month: ________________
Added together =

________________________________

Our school produces_______________ pounds of recyclable waste per month.
13. Calculate the difference between the TOTAL waste per month and the recyclable waste per month.
TOTAL waste – RECYCLABLE waste = ___________ Waste that will go to the landfill.
Some of this could be reused prior to trashing or composted (in the case of food scraps) to avoid
going to the landfill!
If recyclable waste was separated and sent to a recycling facility, our school would generate
___________ pounds of waste per month.
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SCHOOL WASTE AUDIT
PAGE 4
Discussion questions:
1. What ‘trashed’ items did you or your classmates generate the most by quantity and by weight?

2. What kinds of resources were used to make these items? (wood/trees, petroleum, metal/ore, etc.)

3. How much waste, by percentage, did your school generate according to these categories:
Packaging/Containers: ______________%
Other: ____________________________%

4. How could you reduce the amount of waste you generate?

5. List the recyclables that are accepted by your county for recycling found in your school’s waste survey.

6. Let’s see how your school could make money by recycling just one commodity, aluminum beverage
cans. Using the information below, convert the number of pounds of aluminum beverage cans your
group recorded in your School Waste Composition and Poundage Weight Chart to the number of actual
containers.
1 pound of aluminum = 31.3 aluminum beverage cans

___________= Total number of aluminum beverage cans as recyclable waste
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SCHOOL WASTE AUDIT
PAGE 5
7. Aluminum beverage cans are worth about a penny per can. Estimate how much your school would
raise in a month by recycling all of its aluminum cans.

8. What would you suggest your school do to encourage waste reduction and recycling?

9. What benefits would a school recycling program provide?

10. What challenges would a school recycling program present?

11. List ways to sustain a school recycling program as teachers, students, parents, and administrators leave
the school.
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Percentage of
recyclables and
leftover waste
in the classroom

TOTAL
Pounds

Friday

Thursday

Wednesday

Tuesday

Monday

TOTAL
POUNDS

GLASS
CONTAINERS
ALUMINUM
BEVERAGE CANS

PET (#1)
PLASTIC

HDPE (#2)
PLASTIC
OTHER PLASTIC
CONTAINERS

5-Day period from: ________________________________ to: ____________________________________________
Area Surveyed: ______________________________________________________________________________________
Student Name(s): __________________________________________________________________________________

School Waste Composition and Poundage Weight Chart

SCHOOL WASTE AUDIT

MILK
CARTONS

CORRUGATED
BOXES, PAPER
BAGS AND SACKS

PLASTIC BAGS
AND SACKS
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Percentage of
recyclables and
leftover waste
in the classroom

TOTAL
Pounds

Friday

Thursday

Wednesday

Tuesday

Monday

TOTAL
POUNDS

FOOD
WASTE/SCRAPS

NEWSPAPERS MAGAZINES

WHITE
PAPER

PAPER TOWELS
AND TISSUE
PAPER

5-Day period from: ________________________________ to: ____________________________________________
Area Surveyed: ______________________________________________________________________________________
Student Name(s): __________________________________________________________________________________

School Waste Composition and Poundage Weight Chart, page 2

SCHOOL WASTE AUDIT

ALUMINUM FOIL
AND CLOSURES

OTHER DISCARDED ITEMS

WASTE DISPOSAL

EXTENSION
Name: ___________________________________________________ Date: _____________________________
Consider the following: What happens to the school’s waste after it hits the trash can? How much does it cost to haul and landfill
a week’s worth of waste generated by the school? Does recycling off-set any of the costs?
Directions: To find out more about where your school’s waste goes, and to determine the cost to haul a pound of waste away,
follow the procedure below. Calculators are permitted for this activity.

PROCEDURE:
1. Research the journey of the school’s waste after it is placed in the dumpster. For example, is your waste
taken directly to the landfill? Does your landfill separate by magnets the steel for recycling from its
municipal solid waste? Is the waste landfilled, composted or incinerated? If the dumpster has a name,
this will serve as your first lead. It might be that the county is responsible for the waste disposal rather
than a private hauler.
2. Construct a waste sequence map that accurately lists each step waste takes from the school to the
disposal site. The map can contain pictures, words, or a combination of both.
Example:

Waste from student thrown in classroom trash can

Waste from classroom trash can collected by janitors

3. Estimate the total cost of your school’s waste removal. First determine if your school has a private
contractor to transport the waste or if the school’s waste is included as part of a city, town or county
negotiated contract or paid by the school district. This will guide you as to whom to call (your school
district, county recycling coordinator/Department of Public Works, or waste hauler) for help in
determining the estimated cost to the school each time the dumpster is unloaded. Inquire about the
size of your dumpster. Landfill costs are usually calculated based on weight per load. Next, contact the
landfill for ‘tipping’ fees. Most waste haulers add the tipping fee into their removal fee. If so, separate
the tipping fee from the hauling fee. You can then further break down the dumpster cost into price
per pound.
4. Is there a category of waste that, by its volume in the waste stream at school, would seem appropriate
to recycle? What are the detriments to this waste not being recycled?
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EXTENSION
WASTE REDUCTION THROUGH
RECYCLING
Extension Activity ideas:

1. Have students survey other students, teachers, and staff in
the school to determine what people at the school recycle at
home. This should give the students an idea of what materials
can be recycled in their community. Ask students (or do this
yourself before class) to find community recycling contacts.
Find private companies who are interested in paying for your
recyclables through the Yellow Pages under ‘Recycling Center’
or ‘Scrap Dealer.’ For recycling services provided by local
government, contact the county and/or city government
under the department of public works or department of
the environment for your solid waste manager or recycling
coordinator officials. Your waste hauler may be able to
assist regarding recycling opportunities in the community
or through them.
2. Contact your Keep America Beautiful affiliate if there is
one available (find out if your state has an affiliate at
www.kab.org), and/or visit www.earth911.org or
www.1800cleanup.org for recycling locations near the
school. To celebrate November 15, America Recycles Day,
visit www.americarecyclesday.org for a list of activities in
your state and the name of your state’s coordinator.
3. Start to identify ways that recycling could help the school.
Use the surveys to formulate a plan for recycling at the
school. The biggest barrier to starting a school recycling
program is collection and cost. Who is going to lead the
collection efforts at the school, and how much is it going
to cost to haul the recyclables to the waste center? Contact
your local recycling centers to see what programs they
offer in your area, the price paid per pound for recyclables
and what pound quantities constitute price increases.
Remember aluminum cans are the most valuable container
for recycling.
4. An emphasis should be on determining the cost of
recycling versus the cost of hauling the waste away. Recycling
coordinators add landfill cost avoidance and the value of
the commodity when sold when estimating the true cost of
recycling.
5. Survey the class and determine if there are opposing views or
a growing consensus in class. If there is a consensus, proceed
to step 6; if there are opposing views, then a debate format
can be set up. Divide the class into three groups:
Pro/Con/Neutral. The Pro recycling program group should
formulate an argument for its side and the Con recycling
program group should formulate an argument for its side.
The neutral group is responsible for taking notes on each of
the arguments and then deciding which group did a better
job of presenting its case.

219

6. With a consensus among the group, work toward developing a
recycling program for the school. Start with one commodity
and put together the framework to add additional items
later. Simple steps for a sustainable school recycling program:
• Involve the people—students, parents, teachers, school
staff, community, and recycling leaders—in your school
recycling program.
• Determine if the school is to profit from the recycling
proceeds or if this will be an educational program with
the value of the commodity going to your local jurisdiction.
Either way, everyone wins by helping the environment
and conserving resources.
• Identify the location. Make sure that the community has
places that will accept the recyclables (or possibly pick-up
the material from the school).
• Educate the school. This is the most important step for a
successful recycling program.
• Promote the program. Seek student advice for unique
ways to promote the program and involve the community.
• Keep the community informed about recycling progress.
A barometer showing progress toward the goal can be an
effective communication tool. Toot your horn about your
successes.
• Evaluate the program—what and how much was recycled,
total dollars program earned by recycling, how recycling
proceeds used, suggestions on improvements, ideas to
increase recycling and change it to keep it fresh.
• Take recycling to the next level. Purchase recycled and
recyclable products, reduce and reuse, and recycle the
natural way—compost.
7. Start with cans! Recycle aluminum cans, help the environment,
reduce the school’s landfill costs, and potentially earn
money to further your recycling program.
8. Present your recycling plan to the principal or hold your
debate.
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RESOURCES

RESOURCES

www

RESOURCES
AMERICAN CAN COUNCIL: A partnership between the Can
Manufacturers Institute and the Aluminum Association to
promote recycling of aluminum beverage cans. One of the
program’s goals is helping educate students about the benefits
of recycling with curriculum for intermediate and middle
schools. Aluminum Beverage Cans: The ABCs of Environmental
Education is a curriculum designed to teach intermediate students
the many important concepts about the environment and is
endorsed by the North American Association for Environmental
Education as meeting their environmental education material
guidelines. Talkin’ Trash with ABCs (Aluminum Beverage Cans) is
an interdisciplinary curriculum for middle level students that
explores environmental and scientific dilemmas and social
concerns creatively and proactively. Both curricula were
designed to meet the U.S. Department of Education Project
2061’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. http://www.cancentral.com/

THE ALUMINUM ASSOCIATION: The Aluminum Association
is the trade association for producers of primary aluminum,
recyclers and semi-fabricated aluminum products, as well as
suppliers to the industry. Based in Washington, D.C., with
additional offices in Detroit, Michigan, the Association provides
leadership to the industry through its programs and services,
which aim to enhance aluminum’s position in a world of
proliferating materials, increase its use as the “material of
choice,” remove impediments to its fullest use, and assist in
achieving the industry’s environmental, societal, and economic
objectives. Member companies operate about 200 plants in the
U.S and many conduct business worldwide.
www.aluminum.org

CAN MANUFACTURERS INSTITUTE: The Can Manufacturers
Institute (CMI) is the trade association of the metal and
composite can manufacturing industry and its suppliers in
the United States. The association received its charter in 1938,
then representing only 39 manufacturers and suppliers of
goods and services to the industry. CMI members account for
over 90 percent of annual domestic production of 136 billion
cans; together they employ 25,000 people with plants in 31
states and Puerto Rico. This website offers this curriculum and
an Intermediate Level recycling curriculum for the classroom
and outreach educator. http://www.cancentral.com/

KEEP AMERICA BEAUTIFUL: Keep America Beautiful is a
national nonprofit public education organization dedicated to
engaging individuals to take great responsibility for improving
their local community environment. This website offers teacher
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resources and a kid’s page. It also provides a list of state affiliates
with local contact information and additional websites.
http://www.kab.org/

NATIONAL RECYCLING COALITION, INC: The National
Recycling Coalition is a national nonprofit organization
committed to the goal of maximizing recycling to achieve
the benefits of resource conservation, solid waste reduction,
environmental protection, energy conservation and social
and economic development. This website provides limited
information for non-members but does provide lists of state
affiliated recycling organizations. http://www.nrc-recycle.org/

THE INTERNATIONAL ALUMINUM INSTITUTE (IAI): The IAI is
the global forum of aluminum producers dedicated to the
development and wider use of aluminum as a competitive and
uniquely valuable material. The IAI in all its activities supports
the concept that aluminum is a material that lends itself to
improving world living standards and developing a better and
sustainable world environment. This website offers the history
of aluminum, details and illustrations of bauxite mining, facts
about aluminum and the environment, aluminum applications
and interesting statistics.
http://www.world-aluminum.org/history/index.html

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA): The
EPA website offers a broad selection of information from solid
waste disposal to recycling. It is a useful site for researching
regulations and basic facts and statistics.
http://www.epa.gov/epaoswer/non-hw/muncpl/reduce.htm
Additional EPA sites:
Student and Teacher Page —
http://www.epa.gov/epaoswer/education/students.htm

U.S. EPA REGION WEBSITES:
Region 1: ME, NH, VT, MA, RI, CT
http://www.epa.gov/region01/
Region 2: NY, NJ, PR, VI
http://www.epa.gov/Region2/
Region 3: PA, DE, DC, MD, VA, WV
http://www.epa.gov/region03/
Region 4: KY, TN, NC, SC, MS, AL, GA, FL
http://www.epa.gov/region4/reg4.html
Region 5: MN, WI, IL, MI, IN, OH
http://www.epa.gov/Region5/
Region 6: NM, TX, OK, AR, LA
http://www.epa.gov/earth1r6/
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Region 7: NE, KS, IA, MO
http://www.epa.gov/rgytgrnj/
Region 8: MT, ND, WY, SD, UT, CO
http://www.epa.gov/unix0008/
Region 9: CA, NV, AZ, HI
http://www.epa.gov/region09/
Region 10: WA, OR, ID, AK
http://www.epa.gov/r10earth/

BEVERAGE CAN MANUFACTURERS:
Ball Corporation — www.ball.com
Crown Cork & Seal Company (USA), Inc. —
www.crowncork.com
Metal Container Corporation — www.anheuser-busch.com
Rexam Beverage Can Americas — www.rexam.com

ALUMINUM SUPPLIERS TO THE CAN INDUSTRY:
Alcan Aluminum Corporation — www.alcan.com
Alcoa Rigid Packaging — www.alcoa.com
ARCO Aluminum, Inc. — 502/566-5700
Wise Alloys LLC — www.wisealloys.com

WEBSITES WITH RECYCLING COMPONENTS:
American Forest and Paper Association —
http://www.afandpa.org/
American Plastics Council —
http://www.americanplasticscouncil.org/
America Recycles Day — http://www.americarecyclesday.org/
Earth Day Network — http://www.earthday.net/
Earth’s 911 — http://www.earth911.org/
Educational Technology Center —
http://edtech.kennesaw.edu/web/recycle.html
Funding Factory — http://www.fundingfactory.com/
Glass Packaging Institute — http://www.gpi.org/Recycling.html
HSW Media Network —
http://people.howstuffworks.com/landfill.htm/printable
Institute of Scrap Recycling Industries — http://isri.org/
Keep Georgia Beautiful —
http://www.keepgeorgiabeautiful.org/
Mesa County Solid Waste Management, Colorado —
http://www.co.mesa.co.us/landfillmgn/bottle.pdf
Naples Florida Solid Waste Curriculum —
http://www.naplesgarbage.com/curriculum.htm
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National Association for PET Container Resources —
http://www.napcor.com/index1.html
National Paint and Coatings Association —
http://www.paint.org
North American Association of Environmental Education —
http://eelink.net/eeactivities-solidwaste.html
Northeast Recycling Council (CT, DE, MA, ME, NH, NJ, NY,
PA, RI, VT) — www.nerc.org
Northern Tier Solid Waste Authority —
http://www.ntswa.org/recylinks.htm
Steel Recycling Institute — http://www.recycle—steel.org/
The Basics of Landfills — http://www.ejnet.org/landfills/
The Office of the Federal Environmental Executive
www.ofee.gov
University of Minnesota Extension Service —
http://www.extension.umn.edu/distribution/youthdevelopment/
DA6064.html#Table
Watauga County Schools, Boone, NC —
http://www.p2pays.org/ref/01/00626/

RESOURCES BY STATE:
(state agency solid waste management, state environmental
education, and state recycling association links)
Alabama
Dept. of Environmental Management, Land Division —
Solid Waste Program
http://216.226.179.150/Education%20Div/P2%20Program/P2
MainPage.htm
http://216.226.179.150/agencyoverview/oeoutreachov.htm
Alabama Recycling Coalition, 334/242-5336
Alaska
Dept. of Environmental Conservation www.state.ak.us/dec
www.anchoragerecycling.com/
Arizona
Dept. of Environmental Quality www.adeq.state.az.us/
www.adeq.state.az.us/function/education/teach.html
Arizona Recycling Coalition, 602/995-1442
Arkansas
Dept. of Environmental Quality www.adeq.state.ar.us/
Arkansas Recycling Coalition, 866/290-1429
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California
California Integrated Waste Management Board
www.ciwmb.ca.gov/
Dept. of Conservation www.consrv.ca.gov/DOR/index.htm
www.bottlesandcans.com/
www.consrv.ca.gov/DOR/rre/index.htm
California Resource Recovery Association www.crra.com
Colorado
Dept. of Public Health & Environment www.state.co.us/oemc/
www.cdphe.state.co.us
www.cdphe.state.co.us/el/elp_p2hom.asp
Colorado Association for Recycling, 970/535-4053
Connecticut
Dept. of Environmental Protection
www.dep.state.ct.us/wst/recycle/ctrecycles.htm
http://dep.state.ct.us/educ/index.htm
Connecticut Recyclers Coalition, 203/432-6852
Delaware
Dept. of Natural Resources and Environmental Control,
Division of Air & Waste Management www.dnrec.state.de.us
District of Columbia
Dept. of Public Works, Office of Recycling
http://dpw.dc.gov/dpw/cwp/view,a,1202,q,518052,dpwNav,|31
202|.asp
Washington, DC Council of Governments
http://www.mwcog.org/home.asp
Florida
Department of Environmental Protection
www.dep.state.fl.us/waste/categories/recycling/default.htm
www.dep.state.fl.us/secretary/ed/
www.dep.state.fl.us/secretary/kids/default.htm
Recycle Today www.recyclefloridatoday.org
Georgia
Environmental Protection Division www.ganet.org/dnr/environ/
www.ganet.org/dnr/p2ad/students.html
www.dca.state.ga.us/environmental/index.html
Georgia Recycling Coalition www.georgiarecycles.org/
Hawaii
Dept. of Land and Natural Resources
http://www.hawaii.gov/dlnr/Welcome.html
Idaho
Dept. of Environmental Quality, Waste Management &
Remediation
www.deq.state.id.us/waste/waste1.htm#recycling
www.deq.state.id.us/assistance/educators_intro.htm
www.idahorecyclers.org
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Illinois
Dept. of Commerce and Economic Opportunity
www.commerce.state.il.us/com/recycling/index.html
Environmental Protection Agency
www.epa.state.il.us/education.html
Illinois Recycling Association http://www.ilrecyclingassn.org/
Indiana
Dept. of Environmental Management www.in.gov/idem
www.state.in.us/doc/commercerecycles/index.html
Indiana Recycling Coalition
http://indianarecycling.org/
Iowa
Dept. of Natural Resources
http://www.iowadnr.com/education/index.html
Dept. of Economic Development http://www.recycleiowa.org/
http://www.state.ia.us/dnr/organiza/wmad/wmabureau/
recycling/education/index.html
Iowa Recycling Association www.iowarecycles.org
Kansas
Dept. of Health & Environment, Bureau of Waste Management
www.kdhe.state.ke.us/waste/index.html
Kansas Don’t Spoil It www.kdhe.state.ke.us/kdsi/index.html
www.kdhe.state.ks.us/nps/exit_kacee.htm
Kansas Business & Industry Recycling Program
www.kansasbirp.com/
Kentucky
Environment and Public Protection Cabinet
www.environment.ky.gov/education/
Dept of Environmental Protection, Division of Waste
Management
www.waste.ky.gov/
Solid Waste Coordinators of Kentucky, 859/334-3151
Louisiana
Dept. of Environmental Quality
www.deq.state.la.us/assistance/recycling/index.htm
Governor’s Office of Environmental Education
www.gov.state.la.us/enved/default.htm
Maine
Dept. of Environmental Protection
www.state.me.us/dep/index.shtml
www.state.me.us/dep/education/index.htm
Maine Resource Recovery Association, 207/942-6772
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Maryland
Dept. of Natural Resources http://www.dnr.state.md.us/
www.mde.state.md.us/citizensinfocenter/environmental_
education/index.asp
Maryland Recyclers Coalition, 410/887-2791
http://www.marylandrecyclers.org

Massachusetts
Dept. of Environmental Protection
www.mass.gov/dep/recycle/recycle.htm
www.mass.gov/dep/recycle/kids.htm
MassRecycle http://www.massrecycle.org/
Michigan
Dept. of Environmental Quality www.michigan.gov/deq
www.michigan.gov/deq/1,1607,7-135-3307_3580---,00.html
Michigan Recycling Coalition www.michiganrecycles.org/
Minnesota
Office of Environmental Assistance www.moea.state.mn.us/
www.moea.state.mn.us/ee/index.cfm
Recycling Association of Minnesota
http://www.recycleminnesota.org/
Mississippi
Dept. of Environmental Quality www.deq.state.ms.us
www.deq.state.ms.us/MDEQ.nsf/page/MAIN_EnvEdu?Open
Document
Missouri
Dept. of Natural Resources
www.dnr.mo.gov/alpd/swmp/homeswmp.htm
www.dnr.mo.gov/waste.htm
Dept. of Natural Resources, Outreach and Assistance Center
www.dnr.no.gov/oac/educ.htm
Missouri Recycling Association www.mora.org
Missouri Waste Coalition www.mowastecoalition.org
Montana
Dept. of Environmental Quality
www.deq.state.mt.us/Recycle/index.asp
Nebraska
Dept. of Environmental Quality www.deq.state.ne.us/
Nebraska State Recycling Association, 402/933-3059
Nevada
Division of Environmental Protection http://ndep.nv.gov/
http://ndep.nv.gov/recycl/noprof.htm
Nevada Recyclers Association
New Hampshire
Dept. of Environmental Services www.des.state.nh.us/
www.des.state.nh.us/Teachers/
Northeast Resource Recovery Association
http://www.recyclewithus.org/
New Hampshire the Beautiful http://www.nhthebeautiful.org/
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New Jersey
Dept. of Environmental Protection
www.state.nj.us/dep/dshw/recyclenj/index.htm
www.state.nj.us/dep/dshw/recycle/educat.htm
Association of New Jersey Recyclers http://www.anjr.com/
New Mexico
Environmental Protection, Solid Waste Bureau
http://www.nmenv.state.nm.us/NMED/env_prot.html#SWB
New Mexico Recycling Coalition www.nmrecycle.org/
New York
Dept. of Environmental Conservation
http://www.dec.state.ny.us/website/dshm/redrecy/
www.dec.state.ny.us/website/education/index.html
New York State Association of Reduction, Reuse and Recycling
http://www.nysar3.org/
North Carolina
Dept. of Environment and Natural Resources
www.enr.state.nc.us
www.enr.state.nc.us/html/environmental_education.html
Carolina Recycling Association www.CRA-recycle.org
North Dakota
Dept. of Health, Division of Waste Management
www.health.state.nd.us/ndhd/environ/wm/index.htm
North Dakota Solid Waste Management Association
www.ndswma.org/
North Dakota Recyclers Association, 701/845-3080
Ohio
Environmental Protection Agency www.epa.state.oh.us/
Office of Environmental Education
http://www.epa.state.oh.us/oeef/
Association of Ohio Recyclers, 740/397-7124
Oklahoma
Dept. of Environmental Quality www.deq.state.ok.us
www.deq.state.ok.us/mainlinks/eepage.htm
Oklahoma Recycling Association, 918/584-0584
Oregon
Dept. of Environmental Quality
www.deq.state.or.us/wmc/solwaste/recycling.html
http://www.deq.state.or.us/programs/education.htm
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Pennsylvania
Dept. of Environmental Protection www.dep.state.pa.us/
http://www.dep.state.pa.us/educators/
Environmental Education & Information Center
http://www.pcee.org/
Pennsylvania Resources Council http://www.prc.org/
Professional Recyclers of Pennsylvania www.proprecycles.org

Puerto Rico
Coalici’on de Reciclaje de Puerto Rico, 787/694-9292
Rhode Island
Dept. of Environmental Management
http://www.state.ri.us/dem/programs/benviron/waste/index.htm
http://www.state.ri.us/dem/topics/learning.htm
Rhode Island Resource Corporation, 401/942-1430
Rhode Island Recycling Coalition, 401/435-7710
South Carolina
Dept. of Health & Environmental Control, Office of Recycling
www.scdhec.gov/recycle/
www.scdhec.gov/eqc/outreach/
Carolina Recyclers Association
www.CRA-recycle.org
South Dakota
Dept. of Environment & Natural Resources,
Waste Management Program
http://www.state.sd.us/denr/DES/WasteMgn/Recycling/
Recpage1.htm
South Dakota Solid Waste Management Association
Tennessee
Dept. of Environment & Conservation
www.state.tn.us/environment/dca/recycle/
Tennessee Recycling Coalition
http://www.trc-online.org/home.html
Texas
Commission on Environmental Quality
www.tceq.state.tx.us/index.html
www.tnrcc.state.tx.us/exec/sbea/education.html
Recycling Alliance of Texas www.recycletx.com
Utah
Dept. of Environmental Quality, Division of Solid Waste
www.eq.state.ut.us/
Recycling Coalition of Utah www.utahrecycles.org
Vermont
Agency of Natural Resources, Waste Management Division
www.anr.state.vt.us/dec/wmd.htm
www.anr.state.vt.us/students.htm
Association of Vermont Recyclers www.vtrecyclers.org
Virginia
Dept. of Environmental Quality
http://www.deq.state.va.us/recycle/
VA Dept. of Education and Education Council
www.vanaturally.com
Virginia Recycling Association www.vrarecycles.org
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Washington
Dept. of Ecology www.ecy.wa.gov/progrms/swfa/nav/sust.html
http://www.ecy.wa.gov/progrms/swfa/kidspage
www.ecy.wa.gov/news/ee/index.html
Washington State Recyclers Association www.wsra.net
Washington Refuse & Recycling Association
http://www.wrra.org/
West Virginia
Dept. of Environmental Protection www.wvdep.org/
Wisconsin
Dept. of Natural Resources
www.dnr.state.wi.us/org/aw/wm/recycle/
http://dnr.wi.gov/org/caer/ce/eek/teacher/
Associated Recyclers of Wisconsin, 608/745-0900
Wyoming
Dept. of Environmental Quality
http://deq.state.wy.us/shwd/N_recycle.asp
Wyoming Solid Waste & Recycling Association, 307/367-2394
Wyoming Recycling Association, 307/332-6924

MAGAZINES:
BioCycle Magazine www.biocycle.net
MSW Management Magazine www.forester.net.msw.html
Recycling Today Magazine www.recyclingtoday.com
Resource Recycling Magazine www.resource-recyling.com/
Waste Age Magazine www.wasteage.com
Waste News Magazine www.wastenews.com
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