Life Cycle Study Sheds Light on Environmental Performance of Everyday Foodservice Packaging Products



	This peer-reviewed study from Franklin Associates Ltd. provides an extensive and comparative look at the energy and environmental performance of foodservice packaging products made with polystyrene foam, bleached paperboard or corrugated paperboard. Known as a life cycle inventory, or simply LCI, the study offers a cradle-to-grave picture of a product’s environmental attributes, from raw material extraction and manufacturing to post-use recovery or disposal. 
	Download
Full Report (pdf 1 MB)
Executive Summary (pdf 144 KB)
Report Highlights (pdf 67 KB) 




The 2006 Foodservice Packaging LCI evaluated products across the full range of resource and energy use, solid waste generation, atmospheric emissions and waterborne emissions. Comparisons between systems were summarized for four key performance areas: energy, solid waste (weight), solid waste (volume), and greenhouse gas emissions. 

In the four key areas, the LCI study demonstrates that polystyrene foam products in most cases have environmental burdens that are lower than or comparable to the alternative products studied (see more report highlights).

The full report, “Life Cycle Inventory of Polystyrene Foam, Bleached Paperboard, and Corrugated Paperboard Foodservice Products (March 2006),” may be downloaded here. 

Life Cycle Studies
An LCI is a compilation and quantification of the inputs and outputs of a given product system. In this case, foodservice packaging products, including hot and cold beverage cups, plates and sandwich clamshells, were reviewed. LCI studies conduct a system analysis that begins with extracting raw materials from the ground for use as material feedstocks or fuels. Materials and energy use, as well as releases to the environment, are then assessed throughout product manufacturing, transportation, use, and management at the end of the product’s useful life. 

A life cycle approach means we recognize how our choices influence what happens at each of these points so we can balance trade-offs and make informed choices that can help reduce overall burdens on the environment. In this regard, LCI studies are an essential source of information for government, scientists, manufacturers and retailers. 

In Public Policy
LCI studies are particularly important in the public arena, where they can help policymakers arrive at well-informed decisions and avoid the shortcomings of focusing on a single environmental performance attribute. The 2006 Franklin LCI provides comparative information on air, water, solid waste and energy as well as a complete range of post-use options, such as recycling, composting, landfilling and waste-to-energy incineration. This enables policymakers to evaluate these factors in the broader context of other important environmental attributes spanning the product life cycle.

In the Foodservice Industry
Similarly, decision makers in the foodservice industry can assess the study’s findings in combination with other important criteria, such as cost, convenience and product performance, to make better-informed choices about the products they use.

In Polystyrene Manufacturing
The 2006 Food Packaging LCI captures the results of multi-year operational enhancements implemented by polystyrene manufacturers to reduce emissions and optimize energy use. The study also provides benchmarking information that individual polystyrene manufacturers can use to identify areas for further improvement. 

ISO
An independent peer-review panel found that the 2006 Foodservice Packaging LCI was completed in accordance with the International Standards Organization (ISO) 14040 series of life cycle assessment standards (p. PR-3). The peer review panel’s report is included in the full 2006 Foodservice Packaging LCI.
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Ease of Disposal



According to the U.S. Environmental Protection Agency (EPA) in the publication "Municipal Solid Waste Generation, Recycling, and Disposal in the United States Facts and Figures for 2003," less than one percent (about 0.6 percent) of solid waste disposed of in the U.S. is polystyrene packaging - including both food service packaging (cups, plates, bowls, trays, clamshells, meat trays, egg cartons, yogurt and cottage cheese containers, and cutlery) and protective packaging (shaped end pieces used to ship electronic goods and loose fill "peanuts").(1) 

The disposal of polystyrene is managed safely and effectively through the waste management hierarchy advocated by the U.S. EPA, which includes: Source Reduction, Reuse, Recycling, Waste-to-Energy Recovery, and Landfilling.
Source Reduction
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Source reduction means less waste in the first place. Most source reduction occurs as part of the manufacturing process. A 1999 study conducted by Franklin Associates showed that overall, polystyrene packaging products have been source reduced nine percent since 1974 - this means that nine percent less polystyrene was used to manufacture the same quantity of finished goods.(2) 
Between 1974 and 1997, the amount of polystyrene packaging diverted from landfills steadily increased due to continued source reduction, eliminating the need for more than 2,900 billion pounds of polystyrene over the 24-year period.(2) The U.S. EPA has identified source reduction as a priority in its solid waste management hierarchy. 
Source reduction can make a positive contribution toward conserving resources - as significant as recycling. One way to evaluate the impact of source reduction is to compare the resources saved by preventing waste versus recycling. According to Fraklin Associates in order for polystyrene packaging and disposibles' recycling efforts to save as much energy as 408 million pounds source reduced in 1997, a recycling rate of 51 percent would have to be achieved.(2)
Reuse 

Reuse, the practice of utilizing polystyrene products in the same form, is important not only because it delays the final disposal of a product, but also because it reduces the manufacture and purchase of new products. As a result, reuse prevents waste. Nearly 30 percent of polystyrene loose fill (some times called "peanuts" because of its shape) is used again, making it one of the most commonly reused packaging materials in some retail locations. For mailing services, the reuse rate of loose fill is as high as 50 percent. The successful application of reused loose fill polystyrene reduced the demand for virgin polystyrene by 25 percent in 1997 alone and, to this day, continues to directly reduce waste.(2) 
Other packaging and disposables commonly reused by the polystyrene industry include: pallets, insulated shipping boxes, test tube trays, auto part trays, ice chests and coolers.
Recycling
The recycling of polystyrene protective packaging and non-packaging polystyrene materials, (such as audio/visual cassettes and agricultural nursery trays/containers) has increased dramatically during the last decade and there has been a decrease in the amount of polystyrene food service packaging recycled during this period. Non-food service packaging is not contaminated with food and other wastes as is food service packaging, and therefore is more cost-effective to recycle. Presently, polystyrene food service packaging is generally not recycled because it is not economically sustainable. It is important to note that because of unfavorable economics, no other post-consumer food service disposable material, including paper/paperboard, is recycled in a measurable way. 
Before 1988, there was essentially no recovery of post-consumer polystyrene for recycling, but more than 57 million pounds of post-consumer and post-industrial expanded polystyrene (EPS) packaging was recycled in 2004.  Including rigid, durable polystyrene and other grade materials, EPS post-consumer and post-industrial recycling represents 89% of all polystyrene recycled in the U.S. in
2004.(3) 
Some companies that make protective packaging are collecting it back for recycling through the Alliance of Foam Packaging Recyclers (phone:               800/944-8448       ). In addition, some makers of loose fill "peanuts" have set up a network of collection sites for reuse and recycling of their polystyrene products. The “Peanut Hotline” (tel:               800/828-2214       ) automatically directs customers to local packing businesses willing to accept used EPS loose fill for their own packaging needs.  With locations in all 50 states, close to 1,500 collection centers offer consumers an esary access opportunity to return post-consumer loose fill for reuse.  This convenient, community-centered collection program reports a reuse rate as high as
50 percent.(3) 

Products that have incorporated recycled-content polystyrene include: foam egg cartons, lunch trays, transport packaging, audio and videocassette cases, office supplies, and building materials.
Waste-to-Energy Recovery
Waste-to-energy combustion reduces the volume of waste and uses the resulting heat to generate steam and electricity. Derived primarily from oil and natural gas, polystyrene produces significant amounts of heat energy when burned, helping to more completely burn other waste. 
When polystyrene is burned in today's modern incinerator, the thermal decomposition products are carbon dioxide, water vapors and a trace amount of non-toxic ash. Because it is derived from petrochemicals, polystyrene releases most of its energy as heat, and the resulting ash represents a material reduction of more than 99 percent by volume.
Landfilling
While recycling and reuse continue to grow in popularity, most of the waste in this country still goes to landfills. People assume the waste inside a landfill biodegrades. But the fact is that very little - not paper, not polystyrene, not even food waste - degrades in a meaningful way. 
Polystyrene is effectively and safely disposed of in landfills. Modern landfills are designed to protect the environment from the liquids and gases produced during the very slow breakdown by reducing the exposure of garbage to air, water and sunlight - conditions needed for degradation. Therefore, by design, modern landfills greatly retard the degradation process to reduce the by-products that might otherwise contaminate groundwater and the air.(4) 
Preventing Litter 
The polystyrene industry cares about the environment. A widely held misconception is that litter is a problem caused by specific materials themselves rather than aberrant consumer behavior. The reality is that some people improperly dispose of materials by littering. Littering is a matter of behavior; people who discard materials into the environment usually do so because they don't think or don't care. Attributing the litter issue to one particular packaging material does not solve the problem because another type of packaging will take its place as litter unless behavior changes. To address concerns effectively, the polystyrene industry supports organizations such as Keep America Beautiful, that work to prevent litter across the country.

(1) "Municipal Solid Waste Generated, Recycling, and Disposal in the United States : Facts and Figures for 2004, US EPA,". 
(2) "Waste Management and Reduction Trends in the Polystyrene Industry, 1974-1997," Franklin Associates, August 1999. 
(3) "2001 National Post-Consumer Plastics Recycling Rate Study," R.W. Beck, Inc., December 2002 and "2004 EPS Recycling Rate Report”, Alliance of Foam Packaging Recyclers, Diagnostics Plus, published 2005. 
(4) "Rubbish! The Archaeology of Garbage," William Rathje and Cullen Murphy, 1989.
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Source Reduction Trends



The Waste That Wasn't 
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A recent study from Franklin Associates, "Waste Management and Reduction Trends in the Polystyrene Industry, 1974-1997," shows the polystyrene industry diverted 452 million pounds of polystyrene packaging and disposables from the waste stream in 1997. 

This report updates the original report covering the period 1974-1994 -- the first documented study of its kind -- and provided a baseline from which all future efforts of the polystyrene industry to prevent waste are measured. The U.S. Environmental Protection Agency applauded the polystyrene industry's original effort to account for its waste diversion activities saying, "The study is a credible first attempt at using waste characterization data, industry data, and survey responses to estimate trends in source reduction." 

Waste diversion includes source reduction (minimizing the use of materials in manufacturing) and reuse, as well as recovery of materials for recycling. According to the study, total waste diversion of polystyrene packaging and disposables, as a percent of generation, was 15.7 percent in 1997. Between 1974 and 1997, the amount of polystyrene packaging and disposables diverted through source reduction alone prevented more than 2.9 billion pounds of polystyrene from being generated during the 24-year period. 
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*For 1999 data click on "Polystyrene Benefits Performance and the Environment" brochure, page. 3 
"We found that source reduction efforts, as well as reuse and recycling, have a measurable, positive impact on solid waste management," said Marge Franklin, principal of Franklin Associates. An additional benefit of source reduction is reduced energy consumption. In fact, Franklin Associates determined that source reduction of polystyrene is so effective it saves as much energy as recycling at a rate of 51 percent. 
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"We knew our member companies and others in the industry were practicing resource conservation, but this new information objectively quantifies bonafide efforts to be environmentally responsible and engineer significant material savings," said Mike Levy, executive director of the Plastics Foodservice Packaging Group. "We're proud as an industry to be making positive strides forward in the effort to reduce the municipal solid waste stream and are eager to share this information with solid waste management officials and other interested parties nationwide." 

"Polystyrene adds value to thousands of consumer packaging products, and as this study shows, it can also reduce waste up front. Besides providing packaging that protects food and reduces product waste, plastic makes our lives easier and more convenient, while at the same time making efficient use of our resources," says Ronald Yocum, president and CEO of the Plastics Division of the American Chemistry Council. 

The 60-page study covers all types of polystyrene packaging and disposables manufacturing, from injection molding to expandable bead. The full report is available in the Order More Info section of this site.

Economic Realities of Recycling



By Raymond J. Ehrlich
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The PFPG often answers questions from individuals and organizations who are frustrated that they "cannot recycle their food service polystyrene material." The following information helps to explain the economic issues associated with food service polystyrene recycling to increase understanding, and resolve some of the frustration many are feeling. 

As the 21st Century begins, the desire of many of us to protect and preserve our environment is stronger than ever. Recycling is one generally easy and convenient way each of us can help. Recycling continues to be an important issue for the polystyrene industry, as well. However, the economic realities of recycling must not be overlooked and recycling should not be viewed as the sole answer when addressing environmental issues. 
When recycling is seen as the only way to protect and preserve our environment, we are ignoring many other factors that impact our surroundings. Recycling is just one aspect of a very complex and inter-related issue. In addition to recycling, other issues that combine to directly affect our environment include: natural resource use, pollution generation, energy use, waste generation, waste reduction, reuse, and ultimately waste disposal. 
While recycling is viewed by much of the public as primarily a social issue, few people outside the recycling and solid waste management field have examined recycling from an economic perspective. Much of the attention afforded recycling has focused on its perceived value. However, for recycling, or any environmental management alternative to be successful, it must be cost effective. As Sarah Halsted said in the October 27, 1997, issue of Waste Age's Recycling Times, "The relationship between environmental goodwill and sustainability versus market and economic reality puts ... recycling programs in a sometimes uneasy position." 
The general economic realities of recycling are true not only for polystyrene, but also for all commonly recycled materials: paper, cardboard, glass, aluminum, metal and textiles. Recycling must be economically viable when compared to other methods of waste management and resource conservation.
Polystyrene Food Service Recycling -- A Very Brief History 

Around 1988, pressure was put on the polystyrene industry to recycle the most highly visible polystyrene products -- food service containers -- even though all polystyrene packaging products represent one percent by weight of the total municipal solid waste disposed in U.S. landfills. There was significant public pressure to recycle and/or restrict the sale of food service polystyrene, despite the fact that alternative food packaging (paperboard, flexible packaging, aluminum wraps) were not held to the same standard. At that time, eight polystyrene resin supplier companies invested millions of dollars to build a nationwide infrastructure to provide for polystyrene recycling. The National Polystyrene Recycling Company (NPRC), intended to be a catalyst to spur increased polystyrene recycling, initially had five plants on line to recycle post-consumer polystyrene. 
How successful has food service polystyrene recycling been from an economic viewpoint? Not very. This was due to several reasons, many of which the industry discussed in the late 1980s. Mainly, the properties of polystyrene that make it an excellent packaging material, e.g., its light weight, energy efficiency, strength and product performance, worked against the mechanics of recycling this material. Just like in the distribution system for polystyrene food service products, transportation distances play a key role. The economics of hauling polystyrene long distances (to the nearest available recycling plant) were not always favorable. The industry learned that polystyrene has to be densified or baled to get a sufficiently concentrated volume to make transportation over long distances cost-effective. Also, food service products of all materials -- paper, metal, plastic, and polystyrene -- are generally highly contaminated, and require cleaning before they can be processed for recycling, which can add significant costs. 
Despite these issues, at this time generally transport/protective packaging and non-packaging non-durable polystyrene materials (e.g., audio/video cassettes, CD jewel cases, insulation board, etc.) can still be recycled where programs exist. In 2001, over 25 million pounds of polystyrene transport/protective packaging and almost 30 million pounds of non-packaging non-durable polystyrene materials were recycled. In about 10 years, total polystyrene recycled essentially grew from zero pounds per year to approximately 50 million pounds per year. This is quite an achievement when viewed in comparison to the more traditionally recycled commodities (paper, metals, and textiles) that have been recycled for many, many decades.
Recycling Economics
Economics is a major factor in determining the success or failure of recycling for all materials -- not just for polystyrene. Recycling actually occurs when, and only when, recyclable materials that have been collected, sorted, processed, and remanufactured into new products are purchased by consumers. Recyclable materials separated from garbage should not be viewed as waste, but as a raw material or feedstock for industries to use in making new products. The ultimate success of recycling depends on stable, reliable markets for these materials. Without markets to purchase the collected and separated recyclables, recycling does not happen, with the unfortunate result that these materials often must be disposed of in landfills or waste-to-energy plants. 
One of the most basic principles of economics is the principle of supply and demand. Stated simply, when the demand for a particular good or service is greater than the supply, the price that sellers can charge for that good or service increases. Conversely, when the supply of a particular good or service is greater than the demand, the price that sellers can charge decreases. So, what does this have to do with recycling? Everything. This principle describes exactly the situation with recyclables in general and polystyrene specifically. End-use markets are entities that purchase recycled as well as virgin materials from a number of sources and use these materials as feedstock to manufacture new products. Recyclable materials, therefore, compete for markets with virgin supplies of the same material. The opportunities for markets to use recycled material are often actually fewer than those for virgin material, due in part to lower performance characteristics of the recycled material because of contamination. 
Recycling, then, depends on the existence of markets for the recovered materials. When a viable market for recycled material exists, the price paid, or the fee charged, for the material is generally at a level that will cover the costs to collect, process, and ship the material.
Polystyrene Recycling -- What's Next?
What does the current state of markets mean for polystyrene recycling? Simply, it means that recycling food service polystyrene does not make economic sense at this time. This does not mean that they are "environmentally bad" products and should not be used. The success of paperboard recycling, for example, does not rest with its food service applications, but with corrugated cardboard and high-grade office papers. 

So, what are the options to recycling polystyrene? The options are the same for polystyrene that they are for other materials - recycle those polystyrene products that make economic sense. For example, polystyrene packaging, polystyrene audio and video cassettes, CD jewel cases, and insulation board are being successfully recycled. 

Today, the polystyrene industry remains at a crossroads with respect to food service recycling. The economics of recycling and waste disposal have changed since the late 1980s. Contrary to public perception, there is plenty of inexpensive landfill capacity available, significantly reducing the cost of disposal in some areas of the country. Also, public and private institutions that use low cost polystyrene products are often on tight budgets, and have to make the choice of the most cost-effective option between recycling or disposal.

Observations
In the future, we will continue to see an absence of polystyrene food service recycling programs, because in business, economics rule over emotion. Recycling companies, like any other business, must make a profit to survive. If there is not enough market demand for recycled polystyrene material, fewer recyclers will continue to handle polystyrene. 

So, what should the polystyrene industry do? It should promote accurate information about polystyrene with regard to the product performance and environmental aspects of polystyrene packaging. Food service polystyrene products are safe, sanitary, energy-conserving, FDA-regulated disposable products. In addition, we should not forget why people purchase polystyrene food service products in the first place: they do the job. They are efficient, low-cost, and are safe in the environment. Should polystyrene food service packaging be recycled only when it makes economic sense? The balance between recycling as an ethic and recycling purely as an economic issue is one in which we all have varying opinions. 





QuickLinks

	» 
	faqs

	» 
	glossary

	» 
	pfpg members


What's New

»  Take a Closer Look at Today's Polystyrene Packaging Brochure 
»  2006 Foodservice Packaging Life Cycle Inventory Report 
Ask A Question

Have a question?

» let us know 

Polystyrene Recycling - Long-Term Market Trends



Analyzing long-term recycling trends for post-consumer polystyrene and other post-consumer disposable food service packaging since the early 1990s, the data show a clear evolution of the polystyrene recycling industry towards the recycling of non-food service polystyrene materials. The recycling of expanded polystyrene (EPS) protective packaging and non-packaging polystyrene materials, (such as insulation board, audio/visual cassettes, and agricultural nursery trays/containers) has increased dramatically during this time period, and there has been a decrease in the amount of polystyrene food service packaging recycling during this period. 

Today we continue to see growth in post-consumer polystyrene recycling in applications that have favorable recycling economics, such as protective packaging and non-packaging non-durables. These applications are less contaminated with food and other wastes than food service products are and therefore are more cost-effective to recycle. Currently, post-consumer food service polystyrene packaging is not recycled in a significant way. It is important to note that because of unfavorable economics, no other post-consumer food service disposable material is recycled in a measurable way. 

The polystyrene industry has taken its investment in advancing polystyrene recycling very seriously. The National Polystyrene Recycling Company was created in the early 1990's to establish the viability of post-consumer recycling for a wide range of polystyrene applications. The industry invested approximately $85 million dollars, a majority of which were capital costs used to get the operations established. This spurred the current network of polystyrene recyclers, who today recycle approximately 50 million pounds of post-consumer polystyrene each year. This investment in polystyrene recycling, including food service applications, is very significant, given the near absence of paperboard food service recycling over the same time period. Unfortunately, time and experience have shown that the infrastructure needed to collect polystyrene and sell recovered material is not sustainable in all markets. 

Polystyrene products remain very popular with consumers. All polystyrene packaging markets continue to grow, with more than 1.4 billion pounds sold in 1999, representing 22% of the total polystyrene market. Polystyrene food service products are an attractive choice because of their excellent insulation properties, their low cost compared to other disposable materials and reusables, their lower overall life cycle energy and environmental impacts, and their protection of public health and sanitation. However, the properties of polystyrene that make it an excellent packaging material -- its light weight, energy efficiency, strength and product performance -- work against the economics of recycling this material. 

What is often lost in examining polystyrene's impact on the environment, particularly solid waste disposal, is that all polystyrene packaging comprises less than one percent by weight of the total municipal solid waste disposed in U.S. landfills. Moreover, the polystyrene (and plastics) industry has achieved significant landfill reduction through a combination of up-front actions - including source reduction and reuse. Recycling is only one of several ways to manage solid waste effectively. It is not the only answer for all environmental dilemmas. 

The impact of these up-front activities is dramatic. More than 2.9 billion pounds of polystyrene packaging and disposables have been eliminated from the solid waste stream since 1974 through source reduction, product redesign and reuse.
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Degradability, Compostability and Litter... There's More Than Meets the Eye



Degradability and composting seem like nature's way to make things "disappear" after their useful life, a seemingly simple solution to the complex problem of managing and disposing of solid waste. But often what may appear to be a simple solution is not the answer to a complex problem, particularly when dealing with solid waste issues. As part of Plastics Foodservice Packaging Group's continuing effort to foster a better understanding of polystyrene packaging and provide factual information about packaging, solid waste management, recycling, and source reduction issues, here are several facts about packaging, degradability, and composting. 

Designing packaging materials to degrade, either through biodegradation (the break down and consumption of materials by naturally-occurring microorganisms) or photodegradation (the break down of materials from sunlight), is not currently a viable option to manage solid waste in the U.S., but is a supplementary one at best. 

Degradability of Materials and Municipal Solid Waste (MSW) Landfills 

While degradable materials may not be intended to end up in landfills or incinerators, the reality is that the majority of MSW in the U.S., including degradables, is disposed of in landfills (57 percent) or is incinerated (15 percent), places where degradation does not occur.(1) 

A very common misconception is that materials biodegrade in a reasonable timeframe in today's landfills. It is often mistakenly thought that landfills are vast composters, when in reality, they are vast mummifiers of waste. Very little of the waste discarded in today's modern, highly engineered landfills, including paper, plastic, and even food, biodegrades -- and it's not supposed to. Biodegradation of materials has hidden costs, the creation of potentially harmful liquid and gaseous by-products that could contaminate groundwater and air, including carbon dioxide and methane, heat-trapping greenhouse gasses that international efforts currently aim to reduce. Because of this, today's landfills are designed to minimize contact with air and water required for biodegradation to occur, thereby practically eliminating the biodegradation of waste.(2) 

MSW Composting and Home (Back Yard) Composting 

MSW composting is not currently a commonplace method of managing MSW in the U.S. Those programs that do exist generally accept only organic materials (leaves, grass, yard trimmings). Composting opportunities for other materials, including packaging materials, are very rare. As of December 2002, there was a total of only 15 MSW composting projects currently operating in the U.S., generally in rural areas, and interest in the development of new facilities is low.(3)  There are three primary reasons why mixed waste composting is not viable as a large-scale waste management option: 

· In most cases, the economics of this option do not compare favorably to landfilling or incineration; 

· There are very limited viable, long-term markets for the compost material produced. Generally, it is used for minor public works applications and landfill cover; and 

· There are often severe odor problems associated with this technology that make siting mixed composting facilities very difficult. 

Home composting is also not a widespread method of MSW management in the U.S. Used primarily for home-generated yard debris and food scraps, home composting is done by only a very small percentage of all U.S. households. 

Degradability and Litter 

A widely held misconception is that litter is a problem caused by specific materials themselves rather than aberrant consumer behavior. The reality is that some people improperly dispose of materials by littering. Littering is a matter of behavior; people who discard materials into the environment usually do so because they don't think or don't care. Attributing the litter issue to one particular packaging material does not solve the problem because another type of packaging will take its place as litter unless behavior changes. 

Degradation of materials is not a practical or functional technique for alleviating litter problems. In fact, there is a concern in some circles that degradable packaging may lead to an increase in the amount of litter by giving consumers a sense of lessened responsibility for properly disposing of waste. Consumer education and awareness is the practical solution to effectively address litter concerns. 

Conclusion 

Based on the realities of solid waste management in the U.S., it is currently not in the interest of the consuming public, nor consistent with sound environmental practices, for degradability of materials to be promoted as a viable remedy for dealing with municipal solid waste without the wide availability of composting facilities to accept these kinds of materials. 

(1) "Municipal Solid Waste in the United States 1999 Facts and Figures," prepared for the United States Environmental Protection Agency, by Franklin Associates, July 2001.
(2) "Rubbish! The Archaeology of Garbage," William Rathje and Cullen Murphy, 1989. 
(3) "BioCycle: Journal of Composting and Recycling," January, 2003
