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Background: William McDonough, renown sustainability expert states, “I believe we can accomplish great and profitable things within a new conceptual framework—one that values our legacy, honors diversity, and feeds ecosystems and societies . . . It is time for designs that are creative, abundant, prosperous, and intelligent from the start.”
http://www.mcdonough.com/full.htm  The goal of this lesson is to encourage student to consider how consumers can help make William McDonough’s statement a reality.
As shown by Mr. McDonough’s “fractal” graphic to the right, there are 3 parts crucial to sustainability: ecology, equity, and economy.  According to sustainable measures, it is critical to understand the interconnections among economy, society, and environment.  http://www.sustainablemeasures.com/Sustainability/Definitions.html
Our Common Future defines sustainability as:

"… the ability to meet the needs of the present without compromising the ability of future generations to meet their own needs."

Page 8, World Commission on Environment and Development. Our Common Future. (Oxford, Great Britain: Oxford University Press, 1987). (Frequently referred to as the Brundtland report after Gro Harlem Brundtland, Chairman of the Commission)

The graph used in the warm up activity is taken from iSUSTAIN, a website.  The iSUSTAIN™ Green Chemistry Index is a tool which provides a methodology to generate a sustainability-based score for chemical products and processes. It contains a set of sustainability metrics based on the Twelve Principles of Green Chemistry and takes into account such factors as waste generation, energy usage, health and environmental impact of raw materials and products, safety of processing steps, and others.  Students should be made aware that this site is one of the tools Green Chemists can use to help create safer products for consumers.  The site address is:  https://www.isustain.com/
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This example is of Isopropyl acetate.  The substance is an ester, an organic compound which is the product of condensation of acetic acid and isopropanol. It is a clear, colorless liquid with a characteristic fruity odor.  Isopropyl acetate is a solvent with a wide variety of manufacturing  uses that is miscible with most other organic solvents, and moderately soluble in water. It is used as a solvent for cellulose, plastics, oil and fats. It is a component of some printing inks and perfumes.  http://en.wikipedia.org/wiki/Isopropyl_acetate
Goal: Students will understand how graphs can aid green chemists and utilize a graph to help them consider what drives their decisions as consumers.
Objectives: Students will …

· Brainstorm uses for a graph

· Make the connection that graphs can be useful tools for scientists and laymen

· Analyze a series of items that impact consumer decisions, including branding, efficacy, cost, company research, “green-ness”…
· Using criteria set out by GoodGuide, evaluate the sustainability of their decisions
· Plot GoodGuide scores on graph
· Draw conclusions from graphed information
Materials: 

· Copies of Orb  Student Sheet

· Copies of shampoo information sheets (one per student)
· 11 of Garnier

· 11 of Nature’s Gate

· 11 of Burt’s Bees
· Overhead projector 
· Overhead transparency of Orb-it - Isopropyl Lactate (sample scenario) from iSustain Green Chemistry Index

· Overhead transparency of the Orb-it Student Sheet
· 1 copy of car information sheets
Time Required: 45–60 minute class period

Standards Met: 

· Science In Personal and Social Perspectives Standards: Personal health

· Science In Personal and Social Perspectives Standards: Natural hazards

· Science In Personal and Social Perspectives Standards: Risks and benefits

· Science In Personal and Social Perspectives Standards: Science and technology in society
Green Chemistry Principles Addressed: 

· Waste Prevention

· Designing Safer Chemicals

· Use of Renewable Feedstocks
· Inherently Safer Chemistry for Accident Prevention
· Design for Energy Efficiency
· Design for Degradation 
Procedure:

IN CLASS

· Warm up: project transparency of Orb-it - Isopropyl Lactate (sample scenario) from iSustain Green Chemistry Index.  Cover the bottom part of the transparency entitled, How Green Chemists Use Graphs
· Ask students to brainstorm a list of what the graphic tool is and what it is used for in the scientific community
· Allow them to share their answers
· Uncover the bottom part of transparency

· Show what the graph represents

· Use of renewables = 100% because this solvent is made from glucose fermentation
· Energy efficiency = 0% because it is an energy intensive process; it uses large amounts of electricity

· Explain how this graph is used in the chemistry arena

· Describe the iSustain site and how it might be used
· Explain to students that they will be using a similar graphing tool to determine how to analyze the sustainability of shampoos
· Show PowerPoint on how purchasing decisions are made.
· Ask students to determine what information they typically use in buying a product.

· Ask students to consider if they can ever have enough information about a product or a company. 
· On Orb slide, explain to the students that they will be using this as part of a graphic tool for making decisions 
· Model how to use the decision Orb – explain that you are considering the purchase of a new car.

· Share the car information with students & demonstrate how to chart it on the Orb.
· Give each student a copy of the GoodGuide information for one shampoo choice.

· Have students write in the score for each criterion & information from the GoodGuide sheet or personal experience that supports that score.

· Next, direct students to calculate the average score for each “E” on his or her sheet.

· Tell students to record their scores on the Orb and shade in the appropriate area.
· Jigsaw students, placing them in groups of 3

· Each group should have one student from each company

· Give students 2 more Orbs; they should complete an Orb for each shampoo.

· Discuss which shampoo is the most sustainable (the one with the largest area).

· Explain to students that this is one tool they can use to determine how sustainable their purchases are.
· Ask students to share ideas about how this graph is like the graph created by iSUSTAIN

· Ask student to share other ways (and perhaps more speedy ways) that they could make more sustainable purchasing choices.

· Students may respond that they could use the GoodGuide website (this is available as an app on smart phones) or the Skin Deep website

· They could do initial research

· They could read labels…
Assessment:

· Participation in Decision Orb activity
· Completed chart
· Completed Orb
Orb-It – Isopropyl Lactate (sample scenario) from iSUSTAIN 
What is this graphic tool telling a chemist and how is it used?
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Orb-It – How Green Chemists Use Graphs

The graph above is a sample taken from iSUSTAIN™ Green Chemistry Index, which provides a green chemistry measurement tool for chemists.  
· The site creates graphs for different chemical products and processes
· The graph shows how well one process meets each of the 12 Principles.  
· The process shown here to create isopropyl lactate gets a 100% for use of renewables, but this process still needs work on energy efficiency.
Chemists from all over the world can log onto this site to evaluate a chemical process that he or she might want to use.  Or, a chemist can use this site to develop a new process or product.  The graph allows the chemist to immediately see how sustainable the process or product is.

Orb-It - Student Sheet
Name: 





  Date: 




Directions: 
1.  Read the information packet given to you
2.  With your group, discuss the GoodGuide criteria and the information that applies
3.  Use personal experience and information from the packet to fill in the supporting data column

4.  Refer to the rating scale below to rate each criteria 

5.  Average your score and write it in the appropriate box

6.  One person from your group must be prepared to explain to the class your rating and supporting data

Rating Scale: Meets the criteria in the following manner:
  10  – Perfect (it couldn’t be better!)
    9 – Excellent (impressive, but could still improve slightly)
    8 – Great (better than expected, but could improve a little)
    7 – Good (average performance)
    6 – Pretty good (proficient, but considerable improvements could be made)
    5 – Adequate (it’s just okay)
    4 -  Partially proficient (needs much improvement)  
    3 – Falls short 
    2 – Tries, but still does not succeed
    1 – Barely (it’s unsatisfactory)
    0 – Doesn’t (it failed miserably!)
Your Mission:  Decide which brand of shampoo is the most sustainable
Orb-It – Orb Student Sheet

1) Place your rating for Equity on both the number lines bordering “Equity”.

2) Use a compass to make an arc connecting those two points.

3) Shade the area you created within the arc. 

4) Repeat steps 1 – 3 for both Environment and Economic.

Visually evaluate your data based on how much of the overall circle has been colored in.

For a more mathematical approach:

Find  πr2 / 3 for each of the three wedges you created

Add these three numbers together to determine the total area covered by all your wedges. 

Divide this number by the total area of the entire circle (πr2 ) to determine what percentage you have shaded in. 

Explanation:

To find the area of a circle we use the formula πr2, where π = 3.14 and r is the radius of the circle. 

In this diagram however, we have created three wedges. Each wedge is 1/3 of the entire circle. Therefore πr2 of each wedge divided by 3 will give you the area of that wedge. When you add these three areas together you have calculated the total area covered by all three wedges. Furthermore dividing this area by the total area of the entire circle, will give you the percentage covered. 
Orb-It – Orb
Shampoo Brand: _____________________________________
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Orb-It  - Criteria 
*the principle or principles are written in italics under the criteria to which they align
	Social Impact (Equity)
	Info from GoodGuide or personal experience to support the rating
	Ratings

	Workplace diversity
	
	

	Worker conditions & benefits
Safer Chemistry for Accident Prevention
	
	

	Safety

Safer Chemistry for Accident Prevention
	
	

	Ingredients
Use of Renewable Feedstocks
	
	

	Health
Designing Safer Chemicals
	
	

	Average
	
	

	Environmental Impact
	Info from GoodGuide or personal experience to support the rating
	Ratings

	Air pollution
Waste Prevention & Design for Degradation
	
	

	Energy use
Design for Energy Efficiency
	
	

	Toxic waste
Waste Prevention & Design for Degradation 
	
	

	Water quality
Waste Prevention & Design for Degradation
	
	

	Climate Change
Waste Prevention
	
	

	Average
	
	


	Economic Impact
	Info from GoodGuide or personal experience to support the rating
	Ratings

	cost
	
	

	Quality
Designing Safer Chemicals
	
	

	customer satisfaction
Designing Safer Chemicals
	
	

	philanthropy
	
	

	Average
	
	


Orb-It - Car information

Subaru Impreza Outback Sport

	Social Impact (Equity)
	Info from GoodGuide or personal experience to support the rating
	Ratings

	Maintains efficacy (the product works well – you like how it drives)
	Handles well, all-wheel drive, gets up my road
	7

	Made in USA
	½ cars made in Lafayette, IN – ½ made in Japan
	5

	Average
	
	6

	Environmental Impact
	Supporting Data
	Ratings

	CO2 emissions
	CO2 emissions are 199 g/km
	3

	MPG
	20 city/27 highway
	7

	Average
	
	5

	Economic Impact
	Supporting Data
	Ratings

	Options
	No heated seats, yes iPod & x-tra cup holders
	7

	Cost
	$22,000 for 2009 with extra cup holders and iPod compatibility
	7

	Average
	
	7


	2009 Wrangler Sahara 4x4

Social Impact (Equity)
	Info from GoodGuide or personal experience to support the rating
	Ratings

	Maintains efficacy (the product works well – you like how it drives)
	Handles well, all-wheel drive, gets up my road
	7

	Made in USA
	Toledo, OH
	10

	Average
	
	8.5

	Environmental Impact
	Supporting Data
	Ratings

	MPG
	15 city

19 hwy
	3

	CO2 Emissions
	227 g/km
	1

	Average
	
	2

	Economic Impact
	Supporting Data
	Ratings

	Options
	No heated seats, no extra cup holders, yes iPod!
	3

	Cost
	$28,000 for 2009 
	3

	Average
	
	3
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