DRAFT ACTIVITY FOR PLT SECONDARY MODULE: SOUTHERN FORESTS AND CLIMATE CHANGE

FOR MORE INFO, SEE: WWW.PINEMAP.ORG/EDUCATION/SECONDARY

Life Cycle Assessment Debate
After a debate where students compare products, students develop a set of life cycle questions that can be used to guide consumer choices.
	Subjects

Environmental Science, Economics
Concepts (from PLT Conceptual Framework)
2.4 Resource management technologies interact and influence environmental quality; the acquisition, extraction, and transportation of natural resources; all life forms; and each other.

2.7 By reducing waste and recycling materials, individuals and societies can extend the value and utility of resources and also promote environmental quality.

2.8 Human societies and cultures throughout the world interact with each other and affect natural systems upon which they depend.

2.11 All humans consume products and thereby affect the availability of renewable and nonrenewable natural resources.

4.4 Technologies vary in size, structure, and complexity and in their positive and negative effects on the environment.

5.9 Consumers “drive” the marketplace with their demands for goods and services. Such demands shift with time and may have positive or negative effects on the resource base and environmental quality.
Skills

Comparing and contrasting, Oral presentation skills
Materials

Copies of student pages
Time Considerations

Two 50-minute class periods
Related Activities in Other PLT Guides

Climate Change and Forests (Focus on Forests module); Far-Reaching Decisions (Places We Live module); The Global Climate (PreK-8 Guide); Resource-Go-Round (PreK-8 Guide)
Objectives

Students will compare the environmental impacts of different products.
Students will understand that products are rarely only environmentally good or bad but rather embody a mix of factors and considerations. 
Students will identify questions they think are important to ask about a product before buying it.
Assessment

Using their notes taken during the debates, ask students to pick one product pair (e.g., paper cups vs. glass cups) and describe the environmental impacts for each of the five stages of the products’ life cycle. They should compare the impacts of the two products and indicate which one has fewer negative environmental impacts and defend why that product is more environmentally friendly.



Background
(Needs expert review)

Life cycle assessments do not provide a black and white picture of which products are good for the environment and which are not. Each stage in the life cycle can have so many externalities that it may not be clear which of two products is the “winner.” For example, in this activity, students will debate whether print books or E-books are more environmentally friendly. If someone values tree conservation, they might choose E-books since one device can hold millions of pages of paper.  On the other hand, if someone is concerned about pollution from electronic waste, they may feel that print books are better for the environment. 
There are ways to reduce negative externalities in each stage of a product’s life cycle. For example, during the material extraction phase, renewable resources are often better for the environment than nonrenewable resources that will eventually be depleted. A renewable resource is a natural material that can be replenished within the span of a human lifetime (Think Quest, 1999). Also, choosing materials made with wood can lower the carbon footprint for a product. When a tree is cut down and turned into a product such as a desk, the carbon that was stored in that tree is now stored in the desk. Since the product is helping to store carbon as well as emitting carbon during production and transportation, the overall amount of carbon added to the atmosphere will be lower than it would be for a plastic or metal product. Reusing and recycling products can reduce the amount of material that ends up in landfills and ultimately reduce landfill emissions of methane.

Getting Ready

Make copies of the three student pages. Each student in the debate groups (Cups; Books; Bottles and Cans; Grocery Bags) should have the respective “Product Information Sheet” which contains information about their product and their opposing product. Every student in the class should also receive copies of the “Debate Guide” and “Reflection” student page.
Consider completing The Real Cost and Adventures in Life Cycle Assessment activities in this module first.

Doing the Activity

Day 1- Introduction to LCA

1. 5 minutes. Start a discussion by asking students what characteristics they consider and what their parents consider when deciding which of two similar products they should purchase? For example, how do they choose between two similar food products, between two small electronic products, or between two sizable purchases (such as a car)? Do the types of considerations change? 
2. 10 minutes. Split the class into 8 groups and assign each to a product. Pair up groups who have been assigned to parallel products (foam cups and paper cups; paperback books and e-books; plastic bottles and aluminum cans; paper bags and plastic bags). Each group will defend their product in the debate about the environmentally-friendly life cycle factors. Give each student the respective “Product Information Sheet” for the pair of products and the “Debate Guide” student page to help prepare them for the debate.
3. 20 minutes. Ask students to read their “Product Information Sheet” and answer the questions on the  “Debate Guide.” Give the students adequate time to plan a strategy for their debate based on the information they have.

Day 2- Debates

4. 50 minutes. Each group will attempt to convince the class which product is more environmentally friendly based on the environmental impacts of each stage of the life cycle assessment. Each should require approximately 14 minutes. Each student in the group should speak during the debate. Each group should take 3 minutes to present their perspective, then respond for 2 minutes to answer or raise more questions, and finally 2 minutes to summarize their main points and concede others. It will be helpful if you have a timer to keep track of time. It will also be helpful to look at the “Debate Guide” handout to make sure they are hitting all the key points. Each side should explain the inputs and environmental impacts for each of the five stages of the life cycle assessment and explain why their product has more positive or fewer negative environmental impacts than the other product. Students not participating in debate should take notes for their assessment. 

5. 10 minutes. Lead a class discussion about the debate using the following questions: 

a. Does everyone agree with the position that they argued in the debate? 
b. Did anyone change their mind? What information was convincing?

c. Which product do they now favor for each pair? 
d. What made it difficult to decide which product is best?  
e. Are the environmental impacts externalities or are they included in the cost of the product?

6. Distribute the “Reflection” student page to each student, and ask them to complete the questions for homework. 

Enrichment

Using the Life Cycle Assessment Tutorial that is part of this module, advanced students can conduct a complete life cycle assessment on another pair of products and report on the environmental benefits of one.
[Need to add others]

Resources

[Need to add]

Media Connections

[Need to add]

Product Information Sheet: Cups

Paper Cups

Paper cups may have very little recycled content because of health regulations and concerns.  They are mostly made from tree fiber to maintain strength.  They are coated with a thin waxy layer that prevents the cup from being ruined by the liquid inside.  This wax makes the cups non-recyclable, so paper cups are likely thrown away and end up in a landfill. Landfills have different decomposition rates, depending on sunlight, moisture, and air exposure. In some cases, paper cups can spend over one hundred years in a landfill due to the lack of water and oxygen needed to breakdown the product.  There are some forms of biodegradable liners in paper cups that are made out of Polylactic Acid, however these can cost more money and 100% decomposition is not always guaranteed in a landfill.  Paper cups created about 363 million pounds of solid waste in the US in 2010.  In terms of resource use, about 1.4 million tons of wood were used to make the 23 billion paper cups used in the United States in 2010; this is equivalent to about 9.4 million trees being harvested.  In the manufacturing process, about 5.4 billion gallons of water were used to produce the total paper cups used.  , It took 7 trillion BTUs worth of energy to produce these 23 billion paper cups, that is enough energy to power 77 thousand homes for one year.  Some companies have produced a reusable form of a paper cup that is more energy intensive to make but reduces the amount of impact on natural resources, water usage, and air quality after 24 uses.  
Drinking Glass

Glass is a mixture of sand, gypsum, soda ash, limestone, and dolomite; all are acquired through mining. The raw materials are brought to the manufacturing plant by train, where they are mixed together and melted down to form glass at around 3,000 degrees Fahrenheit. The energy to create one glass is approximately 5.5 megajoules (MJ). 

Drinking glasses are reusable and many are used daily for many years.  Each time a glass is used it must be washed which requires energy and hot water. Assuming a dishwasher that uses 0.18 MJ to wash each glass, that it took 5.5 MJ to manufacture the glass cup, and 0.55 MJ to manufacture the paper cup, a glass cup must be used 15 times before it becomes as energy efficient as a paper cup.

When a person is finished owning a glass it could be donated or sold at a garage sale.  Drinking glasses are not accepted at many recycling facilities because of the type of glass used to make them.  Therefore, when glasses are broken or thrown away, they often end up at a landfill.
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Product Information Sheet: Books

Paperback books

The traditional book is made from paper, cardboard, ink and glue.  The resources used to make a book are primarily trees, which is a renewable resource, as well as some plant pigments and chemicals used in the ink and glue.  The paper used to make the pages in books often comes from tree farms or tropical forests.  Depending on where the trees are located the paper used to make a book could come from either the southern United States or from a South American forest.  On average, a typical book weighs about 2 pounds.  The most modern and advanced paper making techniques allow one ton of paper to be made from 12 trees, which means one tree makes about 167 pounds of paper.  Using this average, that means that about 83 books can be made from one tree.  If you consider a college campus with 50,000 students where each student has an average of five books, it would take about 3,012 trees to supply that much paper product for books for the entire student population.  In 2008, there was a total harvest of 125 million trees used for books and magazines.  An advantage of paper books is that they can be given to others and sold, allowing for a post-consumer market.  Essentially, books never seem to be thrown away, instead they are just passed onward.  The notion of holding a book and being the owner of a book can be special to some people and depending on how owners treat them, books can last hundreds of years.  According to the Environmental Paper Network, if the U.S. reduced paper consumption by 10%, which is about 200 million paper books, we could save enough energy to power 228,000 homes. This would reduce greenhouse gas emissions by 1.45 million metric tons, the equivalent of taking 280,000 cars off the road, and also save 11 billion gallons of water.  It is estimated that about 17 pounds of CO2 are released when making a paper book.  If a person were to buy three books per month for four years, they would cause the production of about 1,074 kg of CO2 emissions.
E-books

Electronic books such as those found in the Amazon Kindle or the Barnes and Noble Nook have begun to gain popularity.  The argument for these products is that fewer trees are harvested and a single kindle holds enough books to replace a personal library, saving both space and forests.  A Cleantech study concluded that if a person were to purchase three e-books per month for four years, they would cause the production of about 168 kg of CO2 emissions.  The argument against these e-book readers however is the amount of plastics and heavy metals inside an e-reader.  There is a presence of heavy metals such as gold, silver, cadmium, lead, mercury and chromium that must be mined and processed, which requires a huge amount of energy.  The metal content of e-readers and electronic products is leading to the “e-waste” problem in the United States.  Used electronics are often sent overseas where they are burned as waste and citizens are exposed to the toxic emissions from the burning of the plastics and heavy metals.  Also, should an e-reader break, or if a battery runs out they are likely to be thrown away by consumers, leading to toxic metals in landfills.  In 2010, 10.8 million e-readers were sold, equating to release of about 1.8 million metric tons of CO2, or the consumption of 3.6 million trees. The CO2 emissions for one e-reader is equivalent to those for 22 paper books. In order to benefit the environment, 22 e-books would need to be purchased in order to equate to one paper book.
References:
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Product Information Sheet: Bottles and Cans

Plastic Bottles

Beverage containers such as soda and water are very often produced in number 1 and 2 plastic containers, both of which are recyclable.  Plastic is a cheap material that was made popular in the 1940’s as a replacement to tin.  Plastic is made from petroleum through an energy intensive process that produces CO2 emissions.  Extensive oil drilling and manufacturing must be undertaken to produce the material.  About 41% of the world’s oil is extracted from underground in Russia, Saudi Arabia, the United States, Iran and China.  The oil found in these countries is shipped by boat to manufacturers in the United States.  It takes about 24 million gallons of oil to produce 1 billion plastic bottles, given current oil prices, that’s about 65 cents just to make the bottle itself.  Plastic can take up to 700 hundred years to decompose in a landfill, or may not decompose at all depending on the composition of the material and of the landfill.  It is best to recycle plastic beverage containers and in some states with bottle laws, money can be made from recycling.  The bottles are recyclable anywhere that accepts #1 and #2 plastics however the cap is often not recyclable.  Recycling uses about 1/10th of the energy required to produce one pound of plastic from virgin materials, an average savings of up to 75 MBtu per ton of recycled material.  Because of the physical boundaries, the plastics that are recycled are turned into other products such as carpets, jackets or building materials and decrease the reliance on landfills; plastics cannot become plastics again.
Aluminum Cans

Aluminum cans are widely used in the United States as beverage containers, much like plastic.  Aluminum must be mined from a rock containing bauxite ore and then processed into alumina.  It takes four tons of bauxite to produce two tons of alumina.  The alumina is then processed into aluminum metal through a smelting process that requires 6.2 kWh of electricity to produce one pound of aluminum.  Most aluminum mines are located in Jamaica and then shipped all over the world.  If aluminum cans are not recycled then they are sent to landfills.  In fact, every three months, the people in the United States throw away enough aluminum to rebuild the entire commercial airline fleet.  The entire aluminum can is recyclable.  In countries such as Denmark, selling aluminum cans is rare or even prohibited and most citizens have their own refillable containers for beverages.  In states with bottle laws, people pay a small deposit when they purchase a can and it is returned when they bring the can back for recycling.  In 2010, the recycling rate of aluminum cans was about 58.1 percent and had we recycled 100% of the aluminum cans, we could have saved the energy equivalent of burning nearly 4.73 billion gallons of gasoline.  Recycling aluminum is very efficient and uses 20 times less energy than is used to produce a new can from bauxite ore.  The EPA estimates that recycling one ton of aluminum save the equivalent of 32 barrels of oil. 
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Product Information Sheet: Grocery Bags

Paper Bags

Paper bags are made from cellulose from trees.  For 100 million new paper bags it requires the energy of burning about 15,100 barrels of oil plus additional inputs from other energy sources.  In 1999, 14 million trees were cut to produce 10 billion paper grocery bags for that year alone.  Often times, paper bags are made out of completely virgin material in order to improve the strength of the paper.  About 10 to 15% of paper bags are recycled by consumers and more are reused as bags several times.  In landfills, paper bags often do not decompose as people think they do because of the lack of ample light, water and oxygen needed for decomposition.  It takes about 2,511 BTUs to produce a paper bag used in a grocery store.
Plastic Bags
Plastic bags are made from oil energy sources and made into a plastic polymer that forms the bag’s structure.  Plastic bags are 100% recyclable, just as paper bags are but only about 3% of all plastic bags produced are recycled.  Plastic bags production attributes to fewer negative impacts on air emissions, water and solid waste.  There is a market for plastic recyclables, and products such as clothing, decking and railings are being made from recycled plastics, including grocery bags.  Because the plastic used in grocery bags is so thin, the recycled material is often not turned back into bags and instead used in other items.  Plastic bags use 40% less energy to produce and generate 80% less solid waste than paper.  Plastic bags generate 50 times fewer water pollutants from manufacturing and disposal than do paper bags.  It takes less than 0.05% of a barrel of oil to produce the energy and material to make a plastic bag and they consume less fossil fuel in their lifetime than do paper bags.
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Debate Guide

Group Members: 

Think about the following questions as you read the information sheet for your product. Make sure that you are able to answer each question. Addressing all of these points will make your debate more well-rounded and convincing. Focus on what is environmentally friendly about your product!
Each debate will last 14 minutes. Each group will have 3 minutes to present their side, 2 minutes to respond to the other group, and 2 minutes to summarize their main points. You should take notes during the other debates you do not participate in.

1. What are the raw materials that go into your product (ex. trees, aluminum, etc.)? How is this material harvested and processed?


2. How is the product made? How much energy goes into creating it?


3. How many times can the product be used? If it can be reused, does it require maintenance such as washing?  Are there ways to use and maintain the product that require less water, less energy, or extend the amount of time it can be used?

4. What happens when the consumer no longer wants the product? Can it be given to someone else? Can it be recycled? Does it go to the landfill or incinerator?

Reflection 

Name: 

For questions 1 through 5 please provide a one to two sentence response. For question 6, please respond with one to two paragraphs.

1. Think about the product you learned about for the debate. How could its life cycle be changed to make it more environmentally friendly? 

2. Thinking just about the acquisition of raw materials part of the life cycle, what characteristics would make a product more environmentally friendly?

3. Thinking just about the production part of the life cycle, what characteristics would make a product more environmentally friendly?

4. Thinking just about the consumption part of the life cycle, what characteristics would make a product more environmentally friendly?

5. Thinking just about the disposal part of the life cycle, what characteristics would make a product more environmentally friendly?

6. Often when making decisions about what products to buy, we don’t have access to information summarizing and comparing product life cycles. However, we still must make decisions for what to purchase. In your opinion what are the most important questions to ask when deciding between two products? Why?
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