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Student Questions

1. What is the name of the process we use to get a more complete view of the total impact a product has on the environment?
2. What does LCA investigate?
3. Name two other factors, besides energy consumption in manufacturing, that might affect our decision whether to use a ceramic mug or a paper or Styrofoam® cup.

4. Why does a product’s impact on the environment decrease with repeated use?
5. Does the author indicate the best choice for a grocery bag—cotton, reusable polyethylene or disposable polyethylene? If so, which is it?
6. Is the same true for choosing among glass or plastic bottles or aluminum cans?
7. Are environmental costs the only factors to consider when making life cycle analysis choices?
8. What is the goal of life cycle analysis? 

Answers to Student Questions
1. What is the name of the process we use to get a more complete view of the total impact a product has on the environment?

The process used to obtain a more complete picture of the impact a product has on the environment is called Life Cycle Analysis (LCA).
2. What does LCA investigate?

LCA investigates every part of the production, use and final disposition of a product, including collection and processing of raw materials, energy used in production and use of the product, and transportation and disposal or recycling costs.

3. Name two other factors, besides energy consumption in manufacturing, that might affect our decision whether to use a ceramic mug or a paper or Styrofoam® cup.

The author mentions landfill burden and energy required to recycle paper as two other factors we need to consider when making a decision to use ceramic, paper or Styrofoam®.
4. Why does a product’s impact on the environment decrease with repeated use?

A product that is reused over and over may still require cleaning (like a ceramic mug or cloth grocery bag), but it only needs to be manufactured once, so the impact on the environment of manufacturing the item is averaged out over many uses and is thus reduced.
5. Does the author indicate the best choice for a grocery bag—cotton, reusable polyethylene or disposable polyethylene? If so, which is it?

While the author pretty much dismisses the cotton grocery bag as being the worst, which of the remaining bags is the best choice depends upon the number of times they are reused—and he doesn’t give us enough information to make that decision.

6. Is the same true for choosing among glass or plastic bottles or aluminum cans?

This time the author makes it pretty clear that the factors considered in choosing among glass, plastic or aluminum vastly favors the use of plastic bottles. (However, one might also consider landfills vs. recycling to add to the factors and this might change the mix considerably, especially since aluminum cans have a very high recycle rate, as does glass.) 
7. Are environmental costs the only factors to consider when making life cycle analysis choices?

Besides environmental costs, society also has to consider more subjective factors, such as those noted in the article, plastic bag litter along roadsides, cans and bottles left on the beach, and sea animals killed by plastic.
8. What is the goal of life cycle analysis?

The goal of life cycle analysis is to provide sufficient information for us to make informed decisions for a sustainable future.
Anticipation Guide

Anticipation guides help engage students by activating prior knowledge and stimulating student interest before reading. If class time permits, discuss students’ responses to each statement before reading each article. As they read, students should look for evidence supporting or refuting their initial responses.
Directions:  Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. A life cycle analysis (LCA) helps us make decisions regarding sustainable products.

	
	
	2. Considering  manufacturing and washing, a ceramic mug must be used 1000 times before it uses less energy per use than a disposable paper cup.

	
	
	3. Conventionally grown cotton uses very few pesticides.

	
	
	4. Reusable cotton bags are better for the environment than bags made of polyethylene or polypropylene.

	
	
	5. Bags made of polypropylene must be used more than 11 times to have less impact on the environment than disposable plastic bags.

	
	
	6. Disposable plastic bottles are better for the environment than glass or aluminum containers.

	
	
	7. Decisions about which type of container to use include only energy use.

	
	
	8. In the article, there were references to energy measurements in joules, kilocalories, and BTUs.


Reading Strategies 
These matrices and organizers are provided to help students locate and analyze information from the articles.  Student understanding will be enhanced when they explore and evaluate the information themselves, with input from the teacher if students are struggling. Encourage students to use their own words and avoid copying entire sentences from the articles. The use of bullets helps them do this. If you use these reading strategies to evaluate student performance, you may want to develop a grading rubric such as the one below.

	Score
	Description
	Evidence

	4
	Excellent
	Complete; details provided; demonstrates deep understanding.

	3
	Good
	Complete; few details provided; demonstrates some understanding.

	2
	Fair
	Incomplete; few details provided; some misconceptions evident.

	1
	Poor
	Very incomplete; no details provided; many misconceptions evident.

	0
	Not acceptable
	So incomplete that no judgment can be made about student understanding


Teaching Strategies: 

1. Links to Common Core Standards for writing: 

a. Ask students to defend their position on sustainable choices, using information from the articles. 

b. Ask students to revise one of the articles in this issue to explain the information to a person who has not taken chemistry. Students should provide evidence from the article or other references to support their position.

2. Vocabulary that is reinforced in this issue:

· Emulsion and emulsifiers

· Coalescence

· Green chemistry

· Joule

· Allotrope

· Hydrolysis

· Fermentation 

3. To help students engage with the text, ask students what questions they still have about the articles. The articles about green chemistry (“Going the Distance: Searching for Sustainable Shoes” and “It’s Not Easy Being Green—Or Is It?”) may challenge students’ beliefs about sustainability.

Directions:  As you read, use the graphic organizer below to compare the energy required during the life cycle of each product, as well as other issues to consider when deciding which product to use. You may also refer to the information in “Open for Discussion: The Big Bag Battle” on page 5 of this issue of ChemMatters.

	Product
	Energy Use
	Other Issues to consider

	Coffee Containers
	Paper Cup
	
	

	
	Styrofoam Cup
	
	

	
	Ceramic Mug
	
	

	

	Grocery Bags
	Cotton reusable
	
	

	
	Polyethylene or polypropylene reusable
	
	

	
	Disposable plastic
	
	

	

	Drink Containers
	Plastic bottle
	
	

	
	Glass bottle
	
	

	
	Aluminum can
	
	


Background Information (teacher information)
More on life cycle analysis

Author Tinnesand describes life cycle analysis (LCA) this way: “LCA examines every part of the production, use, and final disposal of a product.” A slightly more detailed definition from the Environmental Protection Agency (EPA) may shed more light on the subject.

Life cycle assessment is a “cradle-to-grave” approach for assessing industrial systems. “Cradle-to-grave” begins with the gathering of raw materials from the earth to create the product and ends at the point when all materials are returned to the earth. LCA evaluates all stages of a product’s life from the perspective that they are interdependent, meaning that one operation leads to the next. LCA enables the estimation of the cumulative environmental impacts resulting from all stages in the product life cycle, often including impacts not considered in more traditional analyses (e.g., raw material extraction, material transportation, ultimate product disposal, etc.). By including the impacts throughout the product life cycle, LCA provides a comprehensive view of the environmental aspects of the product or process and a more accurate picture of the true environmental trade-offs in product and process selection.

The term “life cycle” refers to the major activities in the course of the product’s life-span from its manufacture, use, and maintenance, to its final disposal, including the raw material acquisition required to manufacture the product. Exhibit 1-1 illustrates the possible life cycle stages that can be considered in an LCA and the typical inputs/outputs measured.
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(Scientific Applications International Corporation. Life Cycle Analysis: Principles and Practice. EPA/600/R-06/060, May 2006, p 1, http://www.epa.gov/nrmrl/std/lca/lca.html) Scroll down and click on “LCA 101 document (PDF)” tab, then choose your download method at upper right of new screen; or select individual chapters to download.)


And this definition from another EPA publication provides a bit more information about the LCA’s importance and more details about the process.

Life-cycle assessment (LCA) is a systems-based approach to quantifying the human health and environmental impacts associated with a product's life from “cradle to grave.” A full LCA addresses all stages of the product life-cycle and should take into account alternative uses as well as associated waste streams, raw material extraction, material transport and processing, product manufacturing, distribution and use, repair and maintenance, and wastes or emissions associated with a product, process, or service as well as end-of-life disposal, reuse, or recycling. In some cases, LCA is applied with restricted boundaries, such as “cradle to [loading] gate.” Environmental footprint analysis … is a type of bounded LCA. 

LCA typically return two specific types of information: 

• A comprehensive life-cycle inventory of relevant energy and material inputs and environmental releases throughout the system. 

• Estimates of the resulting impacts for a wide range of impact categories including global climate change, natural resource depletion, ozone depletion, acidification, eutrophication, human health, and ecotoxicity.

This information allows an analyst to consider multiple parts of a system and multiple environmental endpoints in developing effective policies.
(U.S. EPA. Sustainability Analytics: Assessment Tools & Approaches. March 7, 2013, p 76, http://www.epa.gov/sustainability/analytics/docs/sustainability-analytics.pdf)
The International Organization for Standardization, (ISO) (more on this organization later) contains a specific standard for LCAs. There are four major steps in an LCA study, as described in ISO’s Standard 14040:

The LCA process is a systematic, phased approach and consists of four components: goal definition and scoping, inventory analysis, impact assessment, and interpretation as illustrated in Exhibit 1-2:

1. Goal Definition and Scoping - Define and describe the product, process or activity. Establish the context in which the assessment is to be made and identify the boundaries and environmental effects to be reviewed for the assessment.

2. Inventory Analysis - Identify and quantify energy, water and materials usage and environmental releases (e.g., air emissions, solid waste disposal, waste water discharges).
3. Impact Assessment - Assess the potential human and ecological effects of energy, water, and material usage and the environmental releases identified in the inventory analysis. 

[image: image11.jpg]1983-208

ERS  wlifarters




4. Interpretation - Evaluate the results of the inventory analysis and impact assessment to select the preferred product, process or service with a clear understanding of the uncertainty and the assumptions used to generate the results.

(Scientific Applications International Corporation. Life Cycle Analysis: Principles and Practice. EPA/600/R-06/060, May 2006, p 2, http://www.epa.gov/nrmrl/std/lca/pdfs/chapter1_frontmatter_lca101.pdf)
Life cycle analyses may seem like a panacea for all problems environmental but, in truth, any life cycle must, of necessity, establish limitations or boundaries beyond which it does not purport to go.
Limitations of Conducting an LCA

Performing an LCA can be resource and time intensive. Depending upon how thorough an LCA the user wishes to conduct, gathering the data can be problematic, and the availability of data can greatly impact the accuracy of the final results. Therefore, it is important to weigh the availability of data, the time necessary to conduct the study, and the financial resources required against the projected benefits of the LCA.

LCA will not determine which product or process is the most cost effective or works the best. Therefore, the information developed in an LCA study should be used as one component of a more comprehensive decision process assessing the trade-offs with cost and performance, e.g., Life Cycle Management.

(Scientific Applications International Corporation. Life Cycle Analysis: Principles and Practice. EPA/600/R-06/060, May 2006, p 5, http://www.epa.gov/nrmrl/std/lca/pdfs/chapter1_frontmatter_lca101.pdf)

LCA is a very complete (and usually very complex) method of evaluating the environmental impact an object or a process has. Many other, mostly simpler, processes that are related to LCA can be and are being used by industries and governments to accomplish similar goals. Here is a list of some of them. 

· Benefit-cost analysis

· Eco-efficiency analysis

· Life cycle inventory

· Ecosystem service valuation

· Green accounting

· Environmental justice analysis

· Health impact assessment

· Social impact assessment

· Social network analysis

· Chemical alternatives assessment

· Environmental footprint analysis

· Exposure assessment

· Green accounting

· Green chemistry -- Inherent property analysis

· Green engineering

· Integrated assessment modeling

· Life cycle assessment

· Resilience analysis

· Human health risk assessment

· Risk assessment

· Sustainability impact assessment

· Collaborative problem-solving

The source below provides background information on each of the methods, including: how each method can contribute to sustainability; what the main steps in each method are; what the strengths and limits of each method are, in a sustainability context; how the analyses obtained from each method are used to support EPA decision-making; where to find more information on each method; and illustrative approaches applying each method. (U.S. EPA. Sustainability Analytics: Assessment Tools and Approaches, March 7, 2013, pp 24–92, http://www.epa.gov/sustainability/analytics/docs/sustainability-analytics.pdf)

More on ISO

The International Organization for Standardization (ISO) has developed sets of standards which are used globally by countries. These standards involve procedures by business, government and society. Life cycle analyses are just a small (but important) part of the work ISO does. More than 160 countries participate in ISO standardization processes. Each country has its own standards organization that communicates and partners with ISO. The organization in the United States playing this role is ANSI, The American National Standards Institute. 
ISO, the International Organization for Standardization, is the world authority on production and processing standards used by more than 160 countries around the world. These standards involve procedures by businesses, governments and societies. Each country has its own standards organization that communicates and partners with ISO. The organization in the United States playing this role is ANSI, The American National Standards Institute. 


According to the ISO Web site, 

ISO (International Organization for Standardization) is the world’s largest developer of voluntary International Standards. International Standards give state of the art specifications for products, services and good practice, helping to make industry more efficient and effective. Developed through global consensus, they help to break down barriers to international trade.

ISO develops International Standards. We were founded in 1947, and since then have published more than 19 500 International Standards covering almost all aspects of technology and business. From food safety to computers, and agriculture to healthcare, ISO International Standards impact all our lives.
http://www.iso.org/iso/home/about.htm
Life cycle analyses are just a small (but important) part of the work ISO does. It has developed a series of standards, ISO 14000, which addresses the management of the environment. Part of this stewardship process involves life cycle analysis.

Graphics are often used to simplify life cycle analysis results for the consumer. Here are a few graphics that depict life cycle analyses, or the impact of these analyses.
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Exhibit 1-1. Life Cycle Stages (Source: EPA,1993)





This graphic illustrates the usual steps in a life cycle analysis: resource extraction, material processing, product manufacture, distribution, use and end of life/recycle/reuse:

(http://www.claritycommunicationsconsulting.com/wp-content/uploads/2011/10/LCA.png)
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This graphic visually compares environmental factors involved in the manufacture and use of incandescent bulbs (Inc) vs. compact fluorescent lamps (CFL) vs. two different types of light emitting diode bulbs (LED). It compares resource use, atmospheric, water and land impacts of each. There is a LOT of information contained in this graphic.

(http://www.ecobuildtrends.com/2012_06_01_archive.html)
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This graphic compares the carbon footprint of The Xlerator® hand-dryer, a standard electric dryer, paper towels and 100% recycled paper towels against the 5 major steps in a life cycle analysis. (The Xlerator® wins.)
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More on the history of life cycle analysis (LCA)

Life cycle analysis is a relatively new phenomenon, being only about 50 or so years old.

A Brief History of Life-Cycle Assessment

Life Cycle Assessment (LCA) had its beginnings in the 1960’s. Concerns over the limitations of raw materials and energy resources sparked interest in finding ways to cumulatively account for energy use and to project future resource supplies and use. In one of the first publications of its kind, Harold Smith reported his calculation of cumulative energy requirements for the production of chemical intermediates and products at the World Energy Conference in 1963.

Later in the 1960’s, global modeling studies published in The Limits to Growth (Meadows et al 1972) and A Blueprint for Survival (Goldsmith et al 1972) resulted in predictions of the effects of the world’s changing populations on the demand for finite raw materials and energy resources. The predictions for rapid depletion of fossil fuels and climatological changes resulting from excess waste heat stimulated more detailed calculations of energy use and output in industrial processes. During this period, about a dozen studies were performed to estimate costs and environmental implications of alternative sources of energy.

In 1969, researchers initiated an internal study for The Coca-Cola Company that laid the foundation for the current methods of life cycle inventory analysis in the United States. In a comparison of different beverage containers to determine which container had the lowest releases to the environment and least affected the supply of natural resources, this study quantified the raw materials and fuels used and the environmental loadings from the manufacturing processes for each container. Other companies in both the United States and Europe performed similar comparative life cycle inventory analyses in the early 1970’s. At that time, many of the available sources were derived from publicly-available sources such as government documents or technical papers, as specific industrial data were not available.

The process of quantifying the resource use and environmental releases of products became known as a Resource and Environmental Profile Analysis (REPA), as practiced in the United States. In Europe, it was called an Ecobalance. With the formation of public interest groups encouraging industry to ensure the accuracy of information in the public domain, and with the oil shortages in the early 1970’s, approximately 15 REPAs were performed between 1970 and 1975. Through this period, a protocol or standard research methodology for conducting these studies was developed. This multistep methodology involves a number of assumptions. During these years, the assumptions and techniques used underwent considerable review by EPA and major industry representatives, with the result that reasonable methodologies were evolved.

From 1975 through the early 1980’s, as interest in these comprehensive studies waned because of the fading influence of the oil crisis, environmental concerns shifted to issues of hazardous and household waste management. However, throughout this time, life cycle inventory analysis continued to be conducted and the methodology improved through a slow stream of about two studies per year, most of which focused on energy requirements. During this time, European interest grew with the establishment of an Environment Directorate (DG X1) by the European Commission. European LCA practitioners developed approaches parallel to those being used in the USA. Besides working to standardize pollution regulations throughout Europe, DG X1 issued the Liquid Food Container Directive in 1985, which charged member companies with monitoring the energy and raw materials consumption and solid waste generation of liquid food containers.

When solid waste became a worldwide issue in 1988, LCA again emerged as a tool for analyzing environmental problems. As interest in all areas affecting resources and the environment grows, the methodology for LCA is again being improved. A broad base of consultants and researchers across the globe has been further refining and expanding the methodology. The need to move beyond the inventory to impact assessment has brought LCA methodology to another point of evolution (SETAC 1991; SETAC 1993; SETAC 1997).

In 1991, concerns over the inappropriate use of LCAs to make broad marketing claims made by product manufacturers resulted in a statement issued by eleven State Attorneys General in the USA denouncing the use of LCA results to promote products until uniform methods for conducting such assessments are developed and a consensus reached on how this type of environmental comparison can be advertised non-deceptively. This action, along with pressure from other environmental organizations to standardize LCA methodology, led to the development of the LCA standards in the International Standards Organization (ISO) 14000 series (1997 through 2002).

In 2002, the United Nations Environment Programme (UNEP) joined forces with the Society of Environmental Toxicology and Chemistry (SETAC) to launch the Life Cycle Initiative, an international partnership. The three programs of the Initiative aim at putting life cycle thinking into practice and at improving the supporting tools through better data and indicators. The Life Cycle Management (LCM) program creates awareness and improves skills of decision-makers by producing information materials, establishing forums for sharing best practice, and carrying out training programs in all parts of the world. The Life Cycle Inventory (LCI) program improves global access to transparent, high quality life cycle data by hosting and facilitating expert groups whose work results in web-based information systems. The Life Cycle Impact Assessment (LCIA) program increases the quality and global reach of life cycle indicators by promoting the exchange of views among experts whose work results in a set of widely accepted recommendations.
(Scientific Applications International Corporation. Life Cycle Analysis: Principles and Practice. EPA/600/R-06/060, May 2006, http://www.epa.gov/nrmrl/std/lca/pdfs/chapter1_frontmatter_lca101.pdf)
More on “life cycle thinking”

Life cycle thinking is a way of thinking about things we use in a totally holistic way, and it is a natural follow-up to life cycle analysis.

Life Cycle Thinking (LCT) seeks to identify possible improvements to goods and services in the form of lower environmental impacts and reduced use of resources across all life cycle stages. This begins with raw material extraction and conversion, then manufacture and distribution, through to use and/or consumption. It ends with re-use, recycling of materials, energy recovery and ultimate disposal.

The key aim of Life Cycle Thinking is to avoid burden shifting. This means minimising impacts at one stage of the life cycle, or in a geographic region, or in a particular impact category, while helping to avoid increases elsewhere. For example, saving energy during the use phase of a product, while not increasing the amount of material needed to provide it. …

Why take a life cycle approach?
For many years, reducing environmental impacts focused on production processes, treatment of waste and effluent streams. This remains important. These actions help, for example, to successfully address the issues of reducing air and water pollution from a specific operation. However, this does not necessarily reduce the negative environmental impacts related to the consumption of materials and resources. It also does not account for the shifting of burdens – solving one problem while creating another. Solutions therefore may not be optimal and may even be counter-productive.

A win-win situation
Life Cycle Thinking can help identify opportunities and lead to decisions that help improve environmental performance, image, and economic benefits. This approach demonstrates that responsibility for reducing environmental impacts is being taken. Looking at the bigger picture: Businesses do not always consider their supply chains or the ‘use’ and ‘end-of-life’ processes associated with their products. Government actions often focus on a specific country or region, and not on the impacts or benefits that can occur in other regions or that are attributable to their own levels of consumption.

In both cases, without consideration of the full life cycle of goods and services (supply/use/end-of-life), the environment suffers – resulting in poorer financial performance and higher potential for reputation damage.

Life Cycle Thinking provides a broader perspective. As well as considering the environmental impacts of the processes within our direct control, attention is also given to the raw materials used, supply chains, product use, the effects of disposal and the possibilities for re-use and recycling.

(The Joint Research Center from the European Commission Web page: http://lct.jrc.ec.europa.eu/index_jrc)

More on cradle to cradle certification
Other types of certifications have arisen that may appear to compete with ISO Standards and life cycle analyses; however, these are not nearly as widely recognized or accepted. One new organization is now encouraging companies to undergo their brand of testing, and if the company passes the tests, they are given a Cradle to Cradle Certification. There are varying degrees of compliance to the testing, ranging including basic, bronze, silver, gold and platinum. There are no platinum winners as of this writing. ALCOA Aluminum company for instance has won several silver awards and several cleaning products from Method Products PBC have won gold certifications.
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Cradle to Cradle Certification is a multi-attribute eco-label that assesses a product’s safety to humans and potential impact on the natural environment. Unlike single-attribute eco-labels, this independent certification program developed by MBDC (McDonough Braungart Design Chemistry) takes a comprehensive approach to evaluating the sustainability of a product and the practices employed in manufacturing the product. The materials and manufacturing practices of each product are assessed in five categories: material health, material reutilization, renewable energy use, water stewardship, and social responsibility.

(http://www.mbdc.com/cradle-to-cradle/cradle-to-cradle-certified-program/)

More on grocery bags—paper or plastic (and reusable vs. disposable)


The table below summarizes the findings of the Carrefour life cycle analysis of plastic grocery bags. Carrefour is a huge chain of department stores, only slightly smaller than Wal-Mart globally. It conducted a life cycle analysis on grocery bags in order to give its customers the best bag possible, for the money and for the environment. As you can see from the table below that summarizes the findings very succinctly, paper bags were deemed to be less environmentally friendly than one-use polyeth(yl)ene plastic bags, and way less environmentally friendly than multiple-use bags (‘bags for life’).
Figure 4.1 Summary of the environmental impacts of different carrier bags from the Carrefour LCA
	Increasing 
adverse environmental 
impact
[image: image2]
	Reusable polyethene [polyethylene] plastic carrier bags (‘bags for life’)



	
	Lightweight polyethene plastic carrier bags



	
	Paper carrier bags




(adapted from Proposed Plastic Bag Levy - Extended Impact Assessment Final Report, 
Volume 1 of Main Report, AEA Technology Environment, 2005, p 24: http://www.scotland.gov.uk/Resource/Doc/57346/0016899.pdf)

More on cold drink containers—plastic, glass or aluminum

The Back2Tap Web site focuses on elimination of the disposable water bottle, claiming it is an ecological disaster. (It should be noted that Back2Tap sells all types of non-disposable water bottles via the company, Green Benefits.) The site contains teacher resources at http://www.back2tap.com/school-groups/teaching-resources/. 

The resources include:

· A school video (9:03) on where water comes from and discusses the life cycle of disposable bottles. It includes a short student quiz, the effect of which is to discourage the use of disposable bottles, and it touts the use and re-use of non-disposable water bottles as a means to achieve sustainability. (http://www.back2tap.com/school-groups/school-video/). The video can be downloaded and saved. 

· A worksheet for students (at the “Worksheet” link). This sheet contains photos of various parts of the life cycle of the disposable water bottle. Students are instructed to cut out the photos and put them in their proper order in the cycle. 

· An answer key for the completed exercise, at the “Answer Key” link. 

· A follow-up activity for students to add in the ecological and societal impacts to make a more complete life cycle analysis of the bottle, as described in the link “Writing exposition on the life cycle of a plastic water bottle”.

· Other activities that seem to be better suited to elementary/middle schools.
More on eco-efficiency


Eco-efficiency is another way of analyzing data and reporting findings. It is a bit outside a typical LCA because it deals with the economics of the object, which typically is outside the boundaries of the LCA.

Bengt Steen, leader of the team of international experts who developed ISO 14045 [international standard for eco-efficiency assessment] explained its significance: 
“Eco-efficiency is an aspect of sustainability relating the environmental performance 
of a product life cycle to its value. In a world with growing economies, an eco-efficiency assessment is a necessary management tool to decrease the overall environmental impact.” …

The goal of eco-efficiency assessment is to optimize the performance value of the product system, for example, its resource, production, delivery or use efficiency, or a combination of these. The value may be expressed in monetary terms or other value aspects. The result: doing more with less.

In practice, eco-efficiency is achieved through the pursuit of three core objectives: 

· Increasing product or service value

· Optimizing the use of resources

· Reducing environmental impact

Bengt Steen concludes: “Eco-efficiency is presently measured in a number of ways. To some extent, this may be motivated by varying goal and scope. ISO 14045, however, harmonizes the assessment of eco-efficiency and makes it more transparent, giving increased credibility to assessments that sometimes are regarded as ‘green-washing’". 

The key objectives of ISO 14045 are to:

· Establish clear terminology and a common methodological framework for eco-efficiency assessment

· Enable the practical use of eco-efficiency assessment for a wide range of product (including service) systems

· Provide clear guidance on the interpretation of eco-efficiency assessment results

· Encourage the transparent, accurate and informative reporting of eco-efficiency assessment results

Within eco-efficiency assessment, environmental impacts are evaluated using life cycle assessment (LCA) as prescribed by other International Standards (ISO 14040, ISO 14044).

(“Green with envy - Less waste, more results thanks to new ISO standard for eco-efficiency assessment”, http://www.iso.org/iso/home/news_index/news_archive/news.htm?refid=Ref1644)
Eco-efficiency analysis (EEA) is a tool for quantifying the relationship between economic value creation and environmental impacts, throughout the entire lifecycle of a product or service. The term ‘eco-efficiency’ evolved from the work of the World Business Council for Sustainable Development (WBCSD) in response to the first United Nations Earth Summit. The WBCSD defines eco-efficiency as “the delivery of competitively-priced goods and services that satisfy human needs and bring quality of life, while progressively reducing ecological impacts and resource intensity throughout the life-cycle.” In other words, to be eco-efficient is to add more value to a good or service while simultaneously decreasing adverse environmental impacts. EEA evaluates products and services by examining their environmental impact in proportion to their cost-effectiveness. BASF Chemical Corp. was one of the first companies to establish an EEA methodology in the early 1990s with the goal of reducing the environmental impact and costs of its products and processes. BASF’s EEA tool quantifies the sustainability of products or processes throughout their entire life-cycle, beginning with the extraction of raw materials through the end of life disposal or recycling of the product. It compares two or more products analyzed from the end-use perspective to obtain comprehensive data on the total cost of ownership and the impact on the environment.
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EEA differs from benefit-cost analysis [BCA] … in that it does not seek to monetize environmental benefits or costs and compare them to non-environmental benefits or costs. Whereas BCA typically seeks to evaluate the net social benefits of a policy or program compared to a baseline without the policy or program, EEA calculates the ratio of the total value of goods and services produced (output) to the sum of the environmental pressures created by the production of those goods and services (input). More sustainable alternatives have a higher output to input ratio, or eco-efficiency ratio. 

 (http://www.epa.gov/sustainability/analytics/eco-efficiency.htm)

More on life cycle analysis of events

Yes, even events can benefit from life cycle analysis! ISO developed Standard 20121 to cover social events, and its first use was for the 2012 Summer Olympic Games in London.


ISO 20121 has been developed to help ensure that events, ranging from local celebrations to “mega events” such as the Olympic and Paralympic Games, leave behind a positive legacy in terms of economic, environmental and social benefits, with minimum material waste, energy consumption, or strain on local communities.

The new management standard was created by the event industry for the event industry. It is applicable to any organization that wishes to establish, implement, maintain and improve an event sustainability management system as a framework for identifying the potentially negative impacts of events, removing or reducing them, and capitalizing on the more positive impacts through improved planning and processes.
 (http://www.iso.org/iso/home/news_index/news_archive/news.htm?refid=Ref1690)

More on social life cycle analysis


While life cycle analyses focus primarily on physical and biological impacts of production and use of products on the environment, another variant of the LCA, the social life cycle analysis has developed.

It used to be that when consumers had to choose between two similar products, it was a pretty easy decision to make: just weigh the benefits of cost and quality then pick the item and brand that suited your needs. Today, the choices are many, and more difficult. Buyers are now drived [sic] to be conscious of the effects their choices have on our environment and on the local economies. Do we buy from the farm stand or the supermarket? Which choice will result in a less polluted, more sustainable globe? Perhaps even more daunting is the fact that some of our choices will have social and socio-economic effects as well, not only on workers but also on entire communities where production takes place. These social and socio-economic consequences are the primary concern of a social and socio-economic life cycle assessment (S-LCA).
(United Nations Environment Programme (UNEP). “Guidelines for Social Life Cycle Assessment of Products”, 2009, p 8: http://www.unep.fr/shared/publications/pdf/DTIx1164xPA-guidelines_sLCA.pdf)
Connections to Chemistry Concepts (for correlation to course curriculum)
1. Thermochemistry—Energy considerations play a large role in making decisions about choices we make involving chemistry and chemicals.
2. Sustainability—Although this may not be a specific topic in high school chemistry courses, it must, of necessity, be something that citizens of the world are made aware of in order to ensure that we do not use up Earth’s resources. Chemistry class is the ideal place to begin cultivating “world citizens” that can make informed decisions about scientific/political issues that affect us all.

3. Properties of matter—It is the properties (e.g., molar mass, solubility) of these various materials that helps scientists and non-scientists alike decide which materials to use for what purposes. Only if they have properties appropriate for the final use can they be used in LCAs to see if they are also environmentally appropriate.
4. Stoichiometry, % yield, and atom economy—
“The concept of ‘atom economy’ [in Green Chemistry] is an interesting one, and differs from what many of us typically consider a ‘good yield’ in a chemical reaction. The % yield in a reaction is calculated with the formula:
% Yield = (Actual yield of product/Theoretical yield of product) x 100 %

But what this formula ignores is that although a given process may produce a high % yield, it can at the same time produce many additional [potentially unwanted] products, some of which may at worst be hazardous and at the very least represent atoms of reactants that were never converted into anything useful. We may calculate that if we use a given amount of A, B, C, D, and E, we can theoretically produce a certain amount of F. If the actual synthesis comes close to that amount, we may conclude that we have a good synthesis [high yield]. But if at the same time we also produce substances G, H, I, J, and K, then we have only converted a small percentage of the atoms contained in the reactants into the desired product, F. 
Atom economy relates to how many of the atoms in the reactants actually ended up in the final desired product. 
A [synthesis] reaction like:  2H2  +  O2  →  2H2O 
would have an atom economy of 100%, since all the reactant atoms ended up in the final product.” (ChemMatters Teacher’s Guide to accompany “Green Chemistry”, April 2003) 

Possible Student Misconceptions (to aid teacher in addressing misconceptions)
1. “It is simply the up-front costs that determine which material to use for a specific purpose; e.g., plastic or paper for grocery bags.” This is a pretty good summary of the way things have always been for businesses, but with increasing population with increasing demands for raw materials, and with decreasing amounts of those raw materials, we anno longer operate with “business as usual.” There are many factors to consider in making such a decision. As the author points out, other factors to consider include initial energy costs, energy costs to maintain an article, other maintenance costs, source of the material—renewable vs. non-renewable, cleanliness/antimicrobial condition, mass/density of the material, transportation costs, and disposal—and even more factors, like societal and political issues—and all should ultimately play a role in the final decision.
2. “Everybody knows that a reusable cloth grocery bag is better than either paper or plastic bags, because you don’t throw it away.” If you only look at the fact that the bag is being reused innumerable times vs. throwing away a new bag each time you shop, you would reach that exact conclusion, but the article points out that the other factors involved: cost to manufacture, environmental effects of production of the raw material (cotton), and effects on society if illness ensues due to bacterial growth within the bag due to food contamination, all make the decision far more complicated than the oversimplified original quote.
3. “Plastic bottles are obviously better than glass because they don’t break if you drop them.” OK, this isn’t really a misconception, but it is an oversimplified statement because it does not take into account any of the other factors involved in the life cycle analysis. In this case, plastic wins out on almost all factors that compare plastic and glass containers.
Anticipating Student Questions (answers to questions students might ask in class)
1. “If greenhouse gases are such a problem for life on Earth, maybe we should just get rid of ALL greenhouse gases. What would happen then?” The complete answer involves some complex thinking [just like any life-cycle analysis]. Basically, we know how much energy reaches the Earth from the Sun. We know how much of this energy is absorbed by the Earth and how much is reflected. The energy that is absorbed warms the Earth. The Earth, like all objects, emits energy, and if it became warmer, it would emit even more energy. Of course the energy arriving on the Earth and the energy leaving the Earth must be equal. Otherwise the Earth would either be getting hotter or colder. So from this “energy balance,” scientists can calculate how warm the Earth would be in order to emit the same amount of energy it receives every day. That comes out to be –18 oC. Brrrrr.” (from the September 2005 ChemMatters Teacher’s Guide article on greenhouse gases) So, maybe SOME amount of greenhouse gases in the atmosphere isn’t such a bad thing, eh?
2. “What’s the worst that could happen if we don’t do life cycle analyses to evaluate products and materials?” Students probably don’t want to go there! At the worst, if we continue to use Earth’s materials in non-sustainable and environmentally destructive ways, we could wind up with an uninhabitable Earth. LCAs can help us prevent that scenario.
3. “So, life cycle analyses give us ALL the information we need to make environmentally friendly decisions.” Well, they usually don’t give us ALL the information we need, but they certainly can shed light on environmental impacts of which we may not have been aware otherwise. No other method of analysis gives us as much information on which to make decisions as does LCA.
In-Class Activities (lesson ideas, including labs & demonstrations)
1. “… [F]inding a solution to the world’s energy crises will loom large in decades to come. ChemMatters April 2003 featured an activity titled ‘Green Energy—It’s Your Decision’. The activity challenged students to select the most efficient method in terms of energy and cost for heating 200 mL of water to a required temperature. They were to consider a laboratory hot plate, a [B]unsen burner, and a microwave oven. The activity was adapted from Introduction to Green Chemistry: Instructional Activities for Introductory Chemistry, published by the American Chemical Society, 2002. The activity is included on the … [30-year CD] … of ChemMatters articles available for purchase on this ChemMatters website.” (quote from ChemMatters Teacher’s Guide to accompany “Greenhouse Gases”, September 2005) (source of activity: Green Energy—It’s Your Decision. ChemMatters 2003, 21 (2), pp 8–9)
2. This classroom activity “Environmental Activities for the Classroom: Product Life-Cycle Analysis” has students do a basic paper-and-pencil LCA of their own shoe. (http://www.wmrc.uiuc.edu/main_sections/info_services/library_docs/TN/99-031.pdf)

3. This site provides background information to teach about life cycle analysis and other concerns of the environment for teachers of materials science: http://www.materials.ac.uk/guides/environmental.asp.

4. “Buy, Use, Toss? A Closer Look at the Things We Buy” is a 10-day interdisciplinary unit from Facing the Future that analyzes our consumption behaviors. It involves cross-curricular activities and almost all of them at least one of the National Science Education Standards. (https://www.facingthefuture.org/Curriculum/PreviewandBuyCurriculum/tabid/550/CategoryID/4/List/1/Level/a/ProductID/1/Default.aspx) You must register (free) to access materials on the site.

5. This site from Michigan Tech is a multi-screen interactive module on the life cycle analysis of paper and plastic bags that could be used as an in-class activity: http://techalive.mtu.edu/meec/module14/title.htm.

6. There is a difference between atom economy, a Green Chemistry goal, and % yield, which has traditionally been an accepted measure of the efficiency of a synthesis process. See “Connections to Chemistry Concepts” #3 above for a further explanation of this difference. A good class activity might be to take some typical synthesis reactions, either real or hypothetical (including byproducts and subsequent reactions thereof), and provide the students with some data about the amount of each reactant used and the amount of each product produced. Students could then compute and compare both the theoretical yields and the atom conservation for each process. See the slide presentations in #3 below.
Here is a great source of a number of problems for calculating slightly more difficult problems involving atom economy: http://cann.scrantonfaculty.com/organicmodule.html. 
These could be given to students for practice after they’ve been introduced to the concept of atom economy, possibly via one of the two slide presentations discussed in #3.
7. Here is a very simple 7-slide presentation (Slide Share) on the difference between % yield and atom economy, with an example for each, that you could use in class to teach about atom economy: http://www.slideshare.net/rei64/chemistry-calculations-percent-yield-and-atom-economy.
Here is another slide presentation (PowerPoint), this one is 17 slides and provides 3 examples of atom economy calculations. It begins with a few slides explaining Green Chemistry as an introduction to atom economy. (http://www.educationscotland.gov.uk/highersciences/chemistry/principlestoproduction/reactants/percentageyield.asp)

And this is a whole series of PowerPoints and Word documents about & yield and atom economy from ShareMyLesson. They consist of tutorials, handouts, activities and “bellwork”. (http://www.sharemylesson.com/teaching-resource/Atom-Economy-and-Percentage-Yield-6159421/) The site requires you to register, but it’s very simple information and registration is free. Then you can access their entire inventory of teacher-prepared materials. (Of course, it is hoped that you will upload some of your work as well.)

8. This is a short 7-question interactive quiz (with answers after all have been tried) about % yield and atom economy from BBC’s Bitesize that you could ask students to take after a lesson on both % yield and atom economy: http://www.bbc.co.uk/schools/gcsebitesize/science/add_ocr_gateway/chemical_economics/atomeconomy/quiz/q57401596/.
9. This word document from ShareMyLesson provides 4 experiments involving the synthesis of magnesium sulfate from sulfuric acid and a variety of magnesium compounds. Questions are posed about % yield and atom economy. Caution: the experiments require heating of the H2SO4. You must register to access teacher work, but it’s free. (http://www.sharemylesson.com/Download.aspx?storycode=6159421&type=X&id=50145553)
10. You can have students actually draft and perform a rudimentary life cycle analysis on an item or object of their choice (e.g., a cell phone, a water treatment plant, prescription drugs, the atmosphere, etc. Obviously, some of these choices will be easier than others.) See some of the articles in the “References (Non-Web-based Information Sources)” section, and the sites cited in the “More sites on life analyses for specific objects” section, below, for articles and ideas to get you and them started.

Out-of-class Activities and Projects (student research, class projects)
1. “There are many environmental regulations and public policies under scrutiny and debate at the national and international level. Students could work in groups to research the underlying science and the various positions taken by opposing groups. Some of these regulations involve emissions of specific chemicals like arsenic, mercury, and various organic species.” They could begin here: ChemMatters Teacher’s Guide, September 2005, to accompany “Greenhouse Gases”.
2. “Regulations often refer to industry standards for pollutants and emissions. Students will find that these standards translate into the thresholds below which the presence of these substances are legal. Sometimes the decisions made about setting standards revolve around the limits of affordable testing equipment. An amount that can be detected using expensive analytical tests in laboratories might go undetected with the day to day equipment used in the field. Students might interview water-quality or air-quality experts for more information on the subject of regulations and standards.” (ChemMatters Teacher’s Guide, September 2005, to accompany “Greenhouse Gases”)
3. The debate continues on plastic vs. paper grocery bags. Students could research and report on the debate that occurred in Illinois in 2012 over Senate Bill 3442, The Plastic and Film Recycling Act, that sought to ban local governments within Illinois from enacting their own legislation to ban plastic grocery bags. They could begin here: http://www.foxnews.com/politics/2012/07/11/illinois-governor-faced-with-bill-to-ban-plastic-bag-bans/.
References (non-Web-based information sources)

Downey, C. Biodegradable Bags. ChemMatters 1991, 9 (3), pp 4–6. Author Downey discusses new-at-the-time plastic bags made of supposedly biodegradable plastic. This article, in conjunction with several other articles published in ChemMatters since then (e.g., the 1999 article by H. Black, cited below) could be used by students as the start of an experiment designed to do a life-cycle analysis of the plastics in biodegradable bags.

Alper, J. Mystery Matters: Biosphere II. ChemMatters 1995, 13 (1), pp 8–11. In a mystery setting, the author discusses the major problem that arose in Biosphere II, a self-contained, self-sustaining 3-acre glass-enclosed mini “Earth” that failed after two years of trials. Failure was evidenced in dropping levels of oxygen. You’ll have to read the article to find out what happened and why it failed. This grand experiment might have benefited from a life cycle analysis. Actually, it WAS a life cycle analysis.

Black, H. Putting a High Grade on Degradables. ChemMatters 1999, 17 (2), pp 14–15. The author discusses the use and manufacture of biodegradable plastics, to minimize the amount of material sent to landfills. Polylactic acid, a biodegradable plastic made from corn, is a focus of the article.

Ryan, M. Green Chemistry: Benign by Design. ChemMatters 1999, 17 (4), pp 9–11.
Author Ryan discusses winners of three awards whose products were designed to meet the principles of green chemistry for society. One of the awards is Pyrocool, mentioned in the firefighting foam 2001 ChemMatters article below.

The Teacher’s Guide for the December 1999 green chemistry article above discusses the 12 principles of green chemistry, as adopted by the U.S. Environmental Protection Agency (Anastas, P. T.; Warner, J. C. Green Chemistry: Theory and Practice, Oxford University Press. New York. 1998, p 30.)
Bottles or Cans? Run Some Tests Before You Decide. ChemMatters 2000, 18 (3), p 11.
Life cycle analyses depend on the availability of sufficient valid data upon which to make decisions. Experiments are one of the best ways scientists have to gather that data. This article discusses various experiments students can perform to determine which type of beverage container is best for which purposes. One of the experiments is based on the type of material that comprises the container and the life cycle of that material.


Kirchoff, M. Green Chemistry: A Supercritical Clean Machine. ChemMatters 2000, 18 (4), pp 14–15. This article discusses the development of supercritical carbon dioxide as a solvent of choice to replace perchloroethylene in dry cleaning of clothes. 


Zelaya-Quesada, M. Chemical Foams in the Line of Fire. ChemMatters, 2001, 19 (4), pp 8–9. The main focus of this article is on the use of chemical foams to extinguish forest fires and the need for removal of the foam after the fire has been extinguished, but the last page focuses specifically on the firefighting foam Pryocool that won a presidential award for use of green chemistry. The foam contains inactive bacteria that, when exposed to water when used in a fire, eat up the remaining foam after the fire has been extinguished. There is no need to suck/soak up this foam after use (as must be done with other foams so they don’t damage plant and animal life after the fire), as this foam will biodegrade. 
La Merrill, M.; Parent, K.; Kirchhoff, M. Green Chemistry: Stopping Pollution Before It Starts. ChemMatters, 2003, 21 (4), pp 7–10. This article gives a very detailed discussion of several of the 12 principles of green chemistry, focusing on economy of atoms, sustainability and safety in use of chemicals in materials production. The article includes a 2-page lab activity for students, challenging them to devise a procedure that uses the least amount of energy to accomplish the task of heating a specific amount of water a specific number of degrees.
Parent, K. Building a Better Bleach: A Green Chemistry Challenge. ChemMatters, 2004, 22 (2), pp 17–19. Author Parent discusses the modern use of peroxides to replace chlorine bleach, based on the hazards of chlorine compounds in our environment.

Parent, K.; Young, J. Green Chemistry: Biomimicry—Where Chemistry Lessons Come Naturally. ChemMatters 2006, 24 (4), pp 15–17. The author discusses various ways chemists are using naturally occurring process to try to make similar products, minimizing hazards and waste.


The Teacher’s Guide to the Benign by Design article above contains background on the green chemistry movement and biomimicry.


Brownlee, C. The Swish Goes Green. ChemMatters 2008, 26 (3), pp 18–19.

This article, like another article in this issue, focuses on manufacturing a sustainable shoe, this one from Nike. The author interviewed John Frazier, a chemist at Nike, to discover that Nike uses cotton grown without pesticides, and incorporates very low-level volatile organic compounds (VOCs) in its adhesives and solvents. The company seems committed to the use of green chemistry in the manufacture of its shoes and other products.


Vos, S. Cleaning Up The Air. ChemMatters 2011, 29 (1), pp 14–15 The author describes the problems caused by excess CO2 in the atmosphere, and ways to ameliorate the problem. This is similar to the final steps of a life cycle—after the data have been submitted and attack of the problem begins.

____________________


Anastas, P.T. and Warner, J.C. Green Chemistry: Theory and Practice. Oxford University Press: New York, 1998. This book is the original publication by the two scientists who are regarded as the fathers of the green chemistry movement. This is the source of the 12 principles of green chemistry. (See the article on Green Shoes also in this issue for more information on Green Chemistry.)
Web Sites for Additional Information (Web-based information sources)
More sites on green chemistry (see “Going the Distance”—another article in this issue, and its Teacher’s Guide for more information on this topic)

Visit this American Chemical Society Web page to find out more about Green Chemistry. This particular page contains a timeline of green chemistry development: http://www.acs.org/content/acs/en/greenchemistry/about/green-chemistry-at-a-glance.html.

And this page from the ACS Green Chemistry Web site contains information about the 12 principles of Green Chemistry and the 12 principles of Green Engineering, as well as a 30-second video clip with Dr. John Warner, one of the two founders of Green Chemistry, defining the subject: http://www.acs.org/content/acs/en/greenchemistry/about/principles.html.


Here’s another video (9:22) interview with Dr. John Warner, one of the founders of Green Chemistry. He encourages teachers to educate students about the importance of chemistry in solving the problems of today’s world: http://www.youtube.com/watch?feature=player_embedded&v=VRJLmKAhdyw

Beyond Benign offers a wealth of high school activities in the area of Green Chemistry, including many experiments, some of which are classified as “replacement experiments”, using more environmentally friendly materials(e.g., sublimation using caffeine tablets instead of naphthalene). (http://www.beyondbenign.org/K12education/highschool.html)

More sites on life cycle analysis

This 80-page primer about life cycle analysis from the EPA, “Life Cycle Analysis: Principles and Practice” (2006) provides a very good basic coverage of what a life cycle analysis is. “This document is designed to be an educational tool for someone who wants to learn the basics of LCA, how to conduct an LCA, or how to manage someone conducting an LCA.” (http://www.epa.gov/nrmrl/std/lca/pdfs/chapter1_frontmatter_lca101.pdf) Another way to reach the document is via this Web page: http://www.epa.gov/nrmrl/std/lca/lca.html. Scroll down and click on the “LCA 101 document (PDF)” tab, then choose your download method at upper right of new screen; or you can select individual chapters to download.


This site from the Society of the Plastics Industry’s Bioplastics Council, “Life Cycle Analysis Primer: What, Why and How” (2012) provides an overview of a life cycle analysis from the viewpoint of an industry, rather than a governmental organization:

http://www.plasticsindustry.org/files/about/BPC/Life%20Cycle%20Analysis%20White%20Paper%20-%200212%20Date%20-%20FINAL.pdf. The paper explains the need to take a simpler route than the usual (and, to them, complex) ISO 14040 series standards for life cycle analyses.


This 21-minute video, “The Story of Stuff”, discusses the things we buy and use—where the stuff comes from and where it goes—and what we should be doing with them, instead of throwing them out: http://www.youtube.com/watch?v=gLBE5QAYXp8&feature=player_embedded. It includes discussion of LCAs.
More sites on graphics depicting the process of life cycle analysis 

Any of the graphics below can be enlarged slightly simply by clicking on a corner of the diagram and dragging it to enlarge it. If that is the only change you make, you can restore the original size by hitting <Z> (that’s the control key and Z simultaneously). Or you can copy it and paste it into a new Word document and enlarge it there.
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This represents a basic LCA: http://greenresearch.files.wordpress.com/2011/03/lca.jpg.
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This graphic represents the life cycle analysis of a T-shirt: https://www.e-education.psu.edu/egee401/content/p10_p5.html. If the site can’t be accessed by clicking on the link, copy and paste it into your browser and access it that way.



This graphic includes inputs and outputs: http://www.lbl.gov/publicinfo/newscenter/features/2008/apr/assets/img/hires/LCA.jpg.
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This is an artistic rendering of the typical LCA: http://www.ruthtrumpold.id.au/designtech/pmwiki.php?n=Main.LifeCycleAnalysis.
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This graphic represents the LCA of paper vs. plastic grocery bags:

http://www.flickr.com/photos/snre/5622182541/.
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This graphic represents the LCA comparison of plastic and glass: http://lmc.gatech.edu/~agupta31/nibha/portfolio/.
[image: image9.png]Coffee berries are
harvested,

Coffee tree

"Raw' coffee
beans are
produced
Coffee producer

4
Coffee i

'E Emplays people

j. Uses water

‘5 Transport

and COy

Energy
and COy

Produces
waste

beans are
roasted,
processed

and packaged

#4114

Bought by
consumer.

o
- Fus
Dp g Q;w -

Landfil waste
disposal





The LCA of coffee is represented in this graphic: http://www.sustainability-ed.org.uk/pages/look4-1.htm.
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This graphic represents the life cycle analysis of aluminum: http://withfriendship.com/images/f/26313/Life-cycle-assessment-picture.gif
More sites on life cycle analyses for specific objects 


“Good Stuff?” by Worldwatch.org provides one page of information each about 27 different products we use every day. Links on each page provide more information, some of which include rudimentary life cycle analyses. (http://www.worldwatch.org/system/files/GoodStuffGuide_0.pdf)

This 73-page pdf document from the Plastics Division of the American Chemistry Council (April 7, 2010) is a good example of a life cycle analysis. It discusses the “Life Cycle Inventory of 100% PostConsumer HDPE and PET Recycled Resin from Post-Consumer Containers and Packaging”: http://www.container-recycling.org/assets/pdfs/plastic/LCA-RecycledPlastics2010.pdf. Although it is a very complex study, it shows the need for such a detailed study in order to provide all the information needed to make informed decisions.

This site provides a life cycle analysis of the US $1 paper bill vs. the Sacajawea $1 coin. The three-member research team from Michigan State University that did the analysis then made a recommendation to the U.S. Mint based on their findings: “Life Cycle Assesment [sic] of Environemental [sic] Impact of United States Dollar Note and Coin”, https://www.msu.edu/~alocilja/undergrad/BE230/dollar_vs_coin.pdf. (I see why the U.S. Mint might not have believed them.)


Here’s a life cycle analysis focusing on Li-ion batteries: http://www.life-cycle.org/?p=1688.

This life cycle analysis from the EPA focuses on recycled plastic lumber: http://www.epa.gov/wastes/conserve/tools/greenscapes/pubs/lumber.pdf.


ALCOA aluminum’s Web site contains a page (OK, more than one) dealing with sustainability. This one contains a very basic version of a life cycle analysis: http://www.alcoa.com/sustainability/en/info_page/products_design_lifecycle.asp#cradle.

This document, “Life Cycle Assessment of Aluminum: Inventory Data for the Worldwide Primary Aluminum Industry”, from the International Aluminum Institute Web page also provides a life cycle analysis of aluminum—this one deals with aluminum on the international level: http://transport.world-aluminium.org/uploads/media/1274452849Global_LCI_Report.pdf.


This life cycle inventory studies paper and plastic packaging used in shipping items, but it does NOT discuss grocery bags: “Life Cycle Inventory of Packaging Options for Shipment of Retail Mail-Order Soft Goods, Final Peer-Reviewed Report”. The report spends almost two pages discussing the parameters it did NOT study. (This is typical for a detailed life cycle analysis.) (http://www.deq.state.or.us/lq/pubs/docs/sw/packaging/LifeCycleInventory.pdf)

This site from the U.S. Department of Energy, “Life-Cycle Assessment of Energy and Environmental Impacts of LED Lighting Products”, provides a 2012 life cycle analysis of light bulbs, comparing incandescent, CFL and LED bulbs: http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2012_LED_Lifecycle_Report.pdf.


And here is an abbreviated life cycle analysis of laundry detergent tablets from Unilever, “Tablet Detergents: Towards a More Sustainable Future”: http://www.unilever.com/images/2000%20Tablet%20Detergents%20Towards%20A%20More%20Sustainable%20Future_tcm13-5327.pdf.

Excel Dryer, Inc. commissioned a life cycle analysis of its Xlerator® Hand Dryers. The extensive 54-page report from Mr. Jon Dettling and Dr. Manuele Margni of Quantis, entitled “Comparative Environmental Life Cycle Assessment of Hand Drying Systems: The XLERATOR Hand Dryer, Conventional Hand Dryers and Paper Towel Systems”, can be found at http://www.exceldryer.com/pdfs/LCAFinal9-091.pdf. The report is replete with charts and graphs. Obviously, Xlerator® is better than the other methods for drying our hands, but now we can know why. The report came was obtained from the Excel Dryer, Inc Web site, “Go Green” page at http://www.exceldryer.com/PressKit/Green.php.

This site discusses the LCA of ZipLoc bags: http://www.behance.net/gallery/Life-Cycle-Analysis-eco-sandwich-bags/7111605.

And this one reports on the LCA of Chopsticks: http://michengdesign.com/49581/455508/projects/chopsticks-life-cycle-assessment.


This site provides a full-page interactive illustration of the 6-step life cycle analysis of a soccer ball: http://www.epa.gov/wastes/education/pdfs/life-soccer.pdf. The back side contains much information relating to soccer, including a description of the 6-step method of life cycle analysis.

This site provides a full-page illustration of the 6-step life cycle analysis of a cell phone, with a series of student activities on the second/back page: http://blog.wirelesszone.com/Portals/41194/docs/life-cell.pdf.


This site discusses sustainability and uses the life cycle of coffee in one example: http://www.sustainability-ed.org.uk/pages/look4-1.htm.

More sites on managing the environment
ISO, the International Organization for Standardization, is the world authority on production and processing standards. It has developed a series of standards, ISO 14000, which addresses the management of the environment. Part of this stewardship process involves life cycle analysis. You can find a 12-page introduction to the ISO 14000 family of standards, “Environmental management: The ISO 14000 family of International Standards”, here: http://www.iso.org/iso/theiso14000family_2009.pdf. The actual individual standards are available for sale online in pdf format, but they are very pricey(e.g., ISO 14064-2:2006 on greenhouse gases costs $156.00 from ANSI, the US ISO member organization).

More sites on ISO standards
This ISO document deals with product labels and how ISO standards help keep manufacturers honest in their claims to be “clean and green”: “Environmental Labels and Declarations: How ISO Standards Help”
(http://www.iso.org/iso/environmental-labelling.pdf)

This 2-minute video explains a bit about what ISO is and what it does: http://www.youtube.com/watch?v=XoU_eMZ4FvY&list=PLD1CD58D7A5035F2B.


Here is a 13-slide presentation outlining various aspects of ISO’s standards, including climate change, energy efficiency, water and nutrition: http://www.eos.org.eg/NR/rdonlyres/8911472A-A0D0-47CC-970B-39451C0F24EE/1139/ISO.pdf.

This 56-page pdf document from ISO, the International Organization for Standardization, discusses how ISO standards are helping to address climate change: http://www.iso.org/iso/ghg_climate-change.pdf.

More sites on events sustainability
This pdf shows how ISO Standard 20121 can be used by events planners to help their organization manage a sustainable event: http://www.iso.org/iso/sustainable_events_iso_2012.pdf.

More sites on recycling plastics
http://www.plasticsrecycling.org/news/news-archives/8-news-archives/104-2009-pet-rate-report
This is a series of slides focuses on recycling (not exclusively plastics) in Florida. Some of the slides are generic, some specific to Florida. You choose which ones to use. (http://www.dep.state.fl.us/waste/quick_topics/publications/shw/recycling/recycling_from_bin_to_products.pdf)

More sites on plastic bags vs. paper bags


Many states and local governments have enacted legislation involving paper or plastic grocery bags. In fact, only 13 states do NOT have legislation on the books You can view information about the 37 states (and their local governments) that DO have legislation, by clicking on a particular state on their map, here: http://baglaws.com/.

As more and more states and municipalities are enacting legislation banning plastic grocery bags, the legislature of the state of Illinois in 2012 was considering something slightly different: a ban on the ability of municipalities and local governments to ban the bags (see http://www.foxnews.com/politics/2012/07/11/illinois-governor-faced-with-bill-to-ban-plastic-bag-bans/). SB3442, The Plastic Bag and Film Recycling Act, had as its main focus increasing the recycle rate of bags by consumers, and the “ban on bag bans” within the state was only a small part of the law. Nevertheless, the bag ban got the most publicity. After the bill had passed the Senate, a petition—begun by a middle school girl—signed by more than 150,000 Illinois residents opposing the bill finally forced the governor to veto the bill. This could be a topic of research and discussion by students, to investigate the concerns of industry and society in this political controversy. (There were a lot of parts of this bill that benefited plastic bag manufacturers.)
This site is a 5-page “Review of Life Cycle Data Relating to Disposable, Compostable, Biodegradable and Reusable Grocery Bags”. It is referred to as the “ULS Report” (Use Less Stuff). (http://www.deq.state.mi.us/documents/deq-ess-p2-recycling-PaperPlasticSummary_2.pdf) While it is far from a life cycle analysis (only 5 pages long), it attempts to provide a review of 3 large-scale studies on various types of bags and draws some conclusions.

The site plasticbagslaws.org has a long list of links concerning legislation about plastic bags: http://plasticbaglaws.org/useful-links/. The site is obviously pro-legislation limiting the use of plastic bags, as evidenced by the annotations for the internet links that are sponsored by the plastic bag industry (e.g., for one link it says, “Recycling industry blog that (surprise!) supports plastic bag recycling as the ultimate answer.”) Nevertheless, as long as students recognize the bias in the articles, they can be useful.


Here is another site by the state of Florida that shows “Retail Bags Report Maps and Related Detailed Lists”: http://www.dep.state.fl.us/waste/retailbags/pages/mapsandlists.htm. It also contains a report entitled, “Retail Bags Report for the Legislature”, here: http://www.dep.state.fl.us/waste/quick_topics/publications/shw/recycling/retailbags/Retail-Bag-Report_01Feb10.pdf.

This site has lots of information about plastic bags and paper bags: http://www.allaboutbags.ca/.
(� HYPERLINK "http://www.exceldryer.com/PressKit/Green.php" �http://www.exceldryer.com/PressKit/Green.php�)





The references below can be found on the �ChemMatters 30-year CD (which includes all articles �published during the years 1983 through April 2013 �and all available Teacher’s Guides).  The CD is in �production and will be available from the American Chemical Society at this site: ��HYPERLINK "http://www.acs.org/chemmatters"�http://ww.acs.org/chemmatters�.�


Selected articles and the complete set of Teacher’s Guides for all issues from the past three �years are also available free online on the same site. 


(The complete set of ChemMatters articles and Teacher’s Guides are available on the 30-year CD for �all past issues, (up to April 2013.) 


 


Some of the more recent articles (2002 forward) may also be available online at the link above. Simply click on the “Past Issues” button directly below the “M” in the ChemMatters logo at the top of the Web page. If the article is available online, you will find it there.
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